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(54) Titlee CHONDROCYTE CELL-LINES
(57) Abstract

- 'The invention relates to chondrocytes and chondrocyte cell-lines for use especially in studying arthritic conditions and also for
developing skeletal tissue for use in repair and/or replacement surgery. The use of articular chondrocyte cell-lines which mineralise calcium
to determine potentially beneficial therapeutic agents is disclosed. Further, the means for producing such cell-lines is also disclosed as well
as the characteristics of such cell-lines. The use of hypertrophic chondrocyte cell-lines to produce matrix tissue is also disclosed. Further
means of producing hypertrophic chondrocyte cell-lines is also disclosed as well as the charateristics of such cell-lines.
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wherein sai d chondrocyte(s) 'are of foetal origin. 5. The use of

ar‘r"articul ar chondrocyte according to Clains 1 to 4 wherein said
chondr ocyt ¢ de/igd2ddr ovi ded as a cel |l -1ine. 6. Th

articular chondrocyte according to Caim5 wherein said 15 epé‘lzé?ﬁqz?gﬂ;e S
of human origin. : 7. The use of an articular chondrocyte
according to any preceding aim whgrei n said chondrocyte conpri ses
an oncogene. 8. The use of an articular chondrocyte according to

Claim7 wherein said O”é?ﬁﬁﬁﬁlkédﬁﬁe{:ifﬂiﬁf‘ﬂé' tive.

The invention relates to Chondrocytes and Chondrocyte Cell-Lines for use,

particularly but not exclusively, for studying arthritic conditions.

In addition, the invention relates to chondrocytes which may be of particular
5 advantage in the development of new biomaterials for use in replacing

- skeletal tissues such as hips and joints.

Arthritis is characterised by inflammation of the jbints and thus an
inflammation of cartilage tissue. Cartilage is made from materials secreted
by cells, and specifically Chondrocytes, into extracellular space. :Two of the
10 most prominent materials to be secreted by cells are collagen and
mucopolysaccharides. Mucopolysaccharides are large molecular weight sugar
molecules comprising carbohydrate chains which exists -as repeating

disaccharides. One of the two sugars is always an amino sugar, either N-

acetyl-glucosamine or N-acetyl-galactosamine. In most cases,
15 mucopolysaccharides exist in combination with proteins and thus form .
proteoglycans.

Collagen is fibrous in structure whereas mucopolysaccharides are amorphous
in appearance and extremely viscous and can thus occupy large volumes for
a given weight of material. In many cases collagen and proteoglycans
20 interact with one another to form a variety of extracellular structures. These
structures appear to be self-organising; there is no evidence of enzymes or
other materials which bring about their polymerisation, interaction or
orientation. For example, a typical collagen proteoglycan found in cartilage

may consist of a central filament of hyaluronic acid several micro metres long



i

9. The use of an articular chondrocyte acc said

oncogene i s SV40T anti gen. 10. A nethod for producing an o
arti cumeo sgisozglr ocyte cell-1ine that m neral i ses ﬁ@f/ ' npri si ng:
5 a) imortalising at |east one precursor urrgﬁmgﬁei cul ar
chondrocyte cell using an inmmortalising agent; and b)
culturing said immortalised cell in order to produce a

popul ati on of human articul ar chondrocyte cells. 11. A net hod

g i)

oncogene.  Havih oBludd Gt el pedat bRFREATIR bRRGRRT tonerre mrowiy

oncogene | sbindngeethdt HAR proteins afi@ Brhh¢hifig from the core proteins at regular

intervals are mucopolysaccharides such as chondroitin sulphate and keratan
sulphate. Thus extracellular matrix materials organise themselves to form

5 cartilage.

Bone formation is characterised by calcification in the region of hypertrophic
chondrocytes. Whilst vascular invasion is important for mineralisation in

vivo, it is clear that initiation of calcification can be independent of

vascularization, since hypertrophic chondrocytes can spontaneously mineralise - {

10 their matrix in vitro in the absence of exogenous. phosphate. However, adult
articular cartilage does not normally calcify, except at its jun;:tion with
subchondral bone where the calcification forms a characteristic tide-mark. It

~is therefore interesting to note that chondrocalcinosis, the pathological
calcification of articular cartilage by calcium pyrophosphate, Which occurs in

15 different regions of érticular and other cartilage, increases in prevalence with

age and may be associated with osteoarthritis.

It therefore follows that understanding the mechanisms associated with
osteoarthritis should involve an understanding of the mechanisms assoéiated

~with calcification of articular cartilage. However, there are no cell models

20 for this investigation. Rather, ekisting cell models employ the use of growth
plate chondrocytes, that is to say chondrocytes which mineralise calcium in

“order to produce bone tissue. Using this chick cell model it has been
possible to show that chick growth plate chondrocyte cell layers become

- mineralised in the presénce of ascorbate or of beta-glycerophosphate (1). The

25 effects of ascorbate are associated with an increase in the synthesis of

~ alkaline phosphatase and type X collagen, though it is not clear if they are

v

-



13. A nethod according to Caim12 wherein said ohcogene I's SV40T

antigen.

15

14. A nethod according to Clains 12 or 13 wherein the

metthod furfipsensras i nvolves culturing said inmortalised cepdr@hosiodfny
non- per ni ssi ve tenperature of the oncogene 15. The use of
at | east one articular chondrocyte that m neralises cal cium for
I denti fying therapeutic agents designed t093£ reat arthritis.

16. A method for devel opi ng therapeutic a

arthritis

10

15

20

25

( eents designed to treat
conpri sing: epr s -
both” &sSential 'for calcification to occur. Beta-glycerophosphate acts

independently of regulation of these two molecules, presumably by providing
a rich source of exogenous phosphate for nucleation. Other workers have
developed a pellet culture system for rabbit growth plate chondrocytes in
which there is synthesis of alkaline phosphatase and type X collagen as well
as calcification in cultures with ascorbate (2). A separate study (3) suggests
that the effects of ascorbate may be species-specific, highlighting the need for
a human cﬁqndrocyte model system if human disease processes are to be

studied.

No studies to date have shown calcification of matrix in vitro-by articular
chondrocytes. Workers have compared rabbit articular and growth plate
chondrocytes and found that in high-density cultures the growth platé
chondrocytes produce alkaline phosphatase and incorporate calcium into the
cell layers, whereas articular chbndrocytes do not (4). However, two studies
have demonstrated that chick (5) or human (6) articular chondrocytes can
express type X collagen and alkaline phosphatase in long-term cultures, but,

there is no evidence for calcification of cell layer matrix in either study.

Other workers have described in -Intema_ﬁonal Patent Application
WO09409118, the closest prior art, how a human chondrocyte cell-line can be
produced by' transfecting juvenile primary chondrocytes using an SV40

oncogene. The chondrocytes express Type II collagen a specific matter for

articular chondrocytes. However, there is no reference to matrix caicification

of matrix using these cell-lines.

It can therefore be seen that existing in vitro models of calcification rely on

long-term cultures of animal grOMh plate chondrocytes. There is currently



a) exposi ng chondrocytes, or at | east one chondrocyte cell-line,
conprising articular chondrocytes that mneralise calciumto at 5

| east OMO96/@8M8 agent; and b)  observing t perdbsbfepl the
response to said test agent. 17. . A nethod according to Claim1l16
wherei n sai'd observation involves an assessnent of the anmount of
cal cium m neral i sation associated w thgsaid - chondrocytes or said
chondrocyte cell-1ine. 10 18. A hunman hypertrophi c chondrocyte

cel |- ne Whgmodel S il LhéndiBeye® calcificatilf. foctal origin. 19.
A cell-line according to Clalm 18 wherein saird cell-line conprises an

oncogene. 20. A cell-line according to Claim 19 wherein said

oncogene is_15 tenperature sensitive. 21. Acell-line
accor di ng t ¥eo haves suopyingly \feund; that ameaturec cgtieudar schondrocytes and

immorta_lis'ed articular chondrocyte cell-lines p'rovide‘ an extracellular matrix
that rapidly calcifies. By the term mature, we mean chondrocytes from an
5 elderly individual such as an individual of an age likely to development
osteoarthritis such as, but not limited to, an individual over the age of 50, and
more preferably 65. Or, altematively, chondrocytes grown in vitro of

functionally equivalent age.

Our finding therefore represents a valuable opportunity for the study of
10 mechanisms associated with calcification of articular cartilage and also for the
regulation of said calcification. We expect that our _a_rticulat-'l chondrocyte
cell-lines will have both acﬁdemic and commercial value in that they will not
only facilitate a greater understanding of calcification that may be associated
with the osteoarthritic condition but they will also serve as valuable tools for

15 - the development of therapeutic agents to treat such a condition.

We are unable to explain our findings but we speculate as fqlloWs. During
development chondrocytes are typically committed to one of two lineages.
The - first concerns the production of bone and thus the differentiated
chb_hdrocytes mineralise calcium. The second lineage concerns the

20 production of cartilage tissue and thus the differentiated chondrocytes do not
ini’nerahse calcium. It may be that there is some plasticity in the

| determination of lineage and, for 'example,. this may be related to

demethylation of DNA with ageing.

Thus as articular chondrocytes age the control mechanisms that prevent



SV40T ahtigen.
chondrocyte cell-1lines,

4

22. A nethod for produci ng human hypertrophic

an imortalising agent; and

culturing said imortalised cell in order to produce a
popul ati on of -human foetal -derived chondroc%te cel | s. 23. A

met hod according to Claim22 wherein said i

oncogene.

10

15

20

rtalising agent is 5
calcium mineralisation operate less effectively and surprisingly chondrocytes

of the articular cartilage lineage actually mineralise calcium.

'Our findings thus suggest that, contrary to pre\}ious expectations, it is pos_s'ible

to provide a human cell model for arthritis. The cell model can be provided
using either mature or immortalised articular chondrocytes and ideally cell-

lines pertaining thereto.

According to a first aspect of the invention there is therefore provided an

articular chondrocyte which mineralises calcium.

Preferably there is provided a plurality of chondrocytes which are arranged

in pellet form.

Preferably _séid chondrocyte and chondrocytes are derived from a mature
individual, and ideally from such an individual suffering from or having a
predisposition for arthritis. Alternatively, said chdndrocyte and chondrocytes
are of foetal origin and preferably human foetal origin. More preferably still

said chondrocyte and chondrocytes are mature as herein defined.
Preferably further still there is provided cell-lines of such chondrocytes.

In preférred' embodiments of the invention said cell-lines are of human origin

whi ch net hod conpri ses: 20 a)
i m¥ortalisiwgpoamngtgast one human foetal chondrocyte cell usi BgyTiGRIS/I02497
b

an

and ideally comprise an oncogene and ideally a. temperature sensitive

oncogene so that at a first permissive temperature an active oncogene product

is expressed and at a second non-permissive temperature expression of the

active oncogene product is prevented. We have found that use of such an

oncogéne product provides for a cell-line which at the non-permissive



24. A nethod according to Caim23 wherein said oncogene is tenperature

sensitive. 25. A nethod according to d ai ms 23 or 24 wherein
~sai d oNDeI8R28 S SV40T antigen. 10 26. rﬁf)@ﬂg?ﬁw ding to
Clains 24 or 25 wherein said nethod further i nvol ves culturing said
i mortalised cell at the non-perm ssive tenperature of the oncogene.
27. The use of hypertrophic chondrocytées or at |east one hypertrophi c
chondrocyte cell-line, for use in prOV|d|ng jOInt matrix tissue. d/

A neth ] { use in repai ran or
pI acement o rra%é%g | sgglel l@%‘%‘ﬁn& {}a)e agen expressmg)- 2 TREISFifaF ng a
hyper trophi thechidiyddifferértiated phéndtPpe. : b) culturing said
cell-line under conditions that prom)te rratrl X

Ideally the oncogene is a temperature sensitive mutant of the immortalising

oncogene SV40-T.

5 We are unsure, at this stage, whether calcium mineralisation by articular
chondrocytes is directly responsible for osteoarthritis, or alternatively, whether
calcium mineralisation by- articular chondrocytes ié an indicator of a yet
unidentified condition or marker which is responsible for:osteoarth_r_ilti.s. In
either case, the cell-lines of our invention represent suitable cell models for

10 further investigation.

As mentioned above, we are further unsure, at this stage, about the nature of
the mechanisms which lead to calcium mineralisation by _articular or
hypertrophic chondrocytes. Other workers have suggested that there exists
age related reactivation of genes (7). Thus as we speculated above it may be
15 that a process of de-differentiation gives rise to osteoarthritis. It may be that
genes which are typically inactive during life are switched on with ageing and
are thus responsible for the aberrant phenotype of the mature articular

chondrocyte.

The above speéulation is provided for the purpose of edification only. It is
20 not intended that the application should be limited by any of the above
~ speculations, rather the speculations are provided for the purpose of

comprehension.

- There are obvious advantages to be derived from the use of in vitro cell



growt h; and 20 c)  harvesti ng said cells and/or said matrix

ti ssue and/ or sel ected parts thereof.

5 209. Hypebéigapi ¢ chondrocytes, or at |east one hypertro,;@*’,
chondrocyte cell-line, for use in identifying therapeutic agen g‘%’é’é’f’é’ned
to treat arthritis. WD 96/ 18728

PCT/ GB95/ 02497 6

7

models that mimic the arthritic condition. But, in addition we have produced . -
chondrocyte cell-lines from foetal tissue which express type X collagen, a
marker of hypertrophic chondrocytes. Such chondrocytes are known to
mineralise calcium and therefore once the phenotype of these cells was
5 determined the existence of mineralisation was less surprising. However, it
is of note that no one has ever made a human hypertrophic chondrocyte cell-
| line before, despite its obvious advantages in understanding the mineralisation
process symptomatic of the arthritis condition. Moreover, no one has thought
to make such a cell-line for the study and/for production of joint matrix tissue
10 for use in skeletal repair andfor replacement studies andfor surgery. We
therefore also present herein knowledge of, and methods relating to, the

production of a human hypertrophic chondrocyte cell-line.

" According to a second aspect of the invention there is provided a human

hypertrophic chOndrbcyte cell-line.

15 Ina yet a further preferred embodiment of the invention said cell-line is of
human foetal origin and also ideally comprises an oncogene and ideally a

_temperature sensitive oncogene so that at a first permissive temperature an
“active oncogene product is expressed and at a second .non-permissive

temperature expression of the active oncogene product is prevented. We have

20 . found that use of such an oncogene product provides for a cell-line which at
the non-permissive temperature shows type X collagen expression, a marker

for hypertrophic chondrocytes. Thus alternative cell-lines derived from

human foetal tissue which mineralise calcium can be provided.

According to yet a further aspect of the invention there is provided a method

25 for producing articular chondrocyte cell-lines, which method comprises:



tenperature shows an increase in type Il collagen expression - a marker for
the fully differentiated phenotype. | deal ly the oncogene is a
t enper YQPEIETEhsi ti ve nutant of the imortalising PENERIGEA9SVA0- T.
5 We are unsure, at this stage, whether cal cium m neralisation by
articular chondrocytes is directly responsible for osteoarthritis,
or alternatively, whether cal cigm m neralisation by articular
- chondrocytes is an indicator of a yet . uni dentified condition or

mar ker whi IS j b f OStfe I bl 3 2] r se, the
cel I -1i ne_sca{c?f oul?ﬁiﬁﬁegﬁ%l? ﬁatrlggsrtesen?ﬁg%ljiat% gncagil? ul%ﬁ%?%&*)éﬁglﬁ
further investi gmingan immortalisinfAagemtnandned above, we are further unsure,
at this stage, about the nature of - t he nechani sns which lead to
calcium mneralisation by articular or .~ hypertrophi c chondrocytes.

eactivati o of JUBLEHe Threid e B bRt a0 mondue FRoRiOR o6 1 na

a procgss of de-KlirhdPhRituld! dHINdGOMRS cBll$e L0 osteoarthritis. It may be
t hat . genes which are typically inactive during |ife are switched on

w th agei ng and are thus responsible for the aberrant phenotype of
the mature articul ar ' :

Preferably the immortalising agent is an oncogene and more preferably still
a temperature sensitive oncogene which at a non-permissive temperature

results in enhanced expression of the phenotypic characteristics of the

chondrocyte. : _ - (

10 In a preferred embodiment of the invention immortalisation is achié‘ved using
conventional transfection techniques and preferably the immortalising agent
“is an immortalising gene such as an oncogene and more preferably still a

temperature sensitive mutant of the immortalising oncogene SV40-T.

Ideally said method further involves culturing said immortalised cell at the

15 non-permissive temperature of the oncogene.

According to a yet further aspect of the invention there_ is provided a method

for produéing hypertrbphic chondrocyte cell-lines, which method comprises:

a) immortalising at least one human foétal chondrocyte cell using an |

immortalising agent; and

20 b) culiuring said immortalised cell in order to produce a population of

“hurnhan foetal-derived chondrocyte cells.

*



chdndrocyte. The above specul ation is provided for the purpose of

edification only. It is 20 not intended that the application shoul d be
l'i mited by wagye/¥rag he above ' specul ati ons, rather the ﬁpﬁ%

are provided for the purpose of conpr ehensi on. ere are
obvi ous advantages to be derived fromthe use of in vitro cell WO
96/ 18728 _ 9 _

PCT/ GB95/ 02497 7

nodel s that mm.c th arthrltl ondition, But, in addition we _hayve
or oduced "Paferabhn B gn@enﬁﬁﬁms@gem i5a% Bhsegen; and ot Preferablyr stk

type X collagen, t%mgerat?re e ShelyaRr Wh?&{" 'af & ABAYRRILRR tenifiature

chondrocytes are
results in enhanced expression of the phenotypic characteristics of the

chondrocyte.

5 In a preferred embodiment of the invention immortalisation is achieved using -
conventional transfection techniqués and preferably the immortalising agent
is an immortalising gene such as an oncogene.and more preferably still a
temperature sensitive mutant of the immortalising oncogene SV40-T. More
preferably still said transfection is undertaken using retroviral temperature

10 *  sensitive oncogene transduction.

Ideally said method further involves culturing said immortalised cell at the

non-permissive temperature of the oncogene.
According. to a yet further aspect of the invention there is provided
chondrocytes, or at least one chondrocyte-cell-line, in accordance with the

15 invention for use in developing therapeutic agents designed to treat arthritis.

“According to a yet further aspect of the invention there is provided a method

for developing therapeutic agents designed to treat arthritis comprising:

a) exposing chondrocytes, or at least one chondrocyte cell-line, in

accordance with the invention to at least one test agent; and
20 b) observing the nature of the response to said test-agent.

In a preferred method of the invention said observation involves an



m neralise cal ciumand therefore once the pheno't'ype of these cells was 5
determ ned the existence of mneralisation was |ess surprising. However, ‘it
is of WOB6/18728 no one has ever made a human hypertrophipcﬁ;}g%zgg.}yte cell -
| ine before, despite its obvious advantages in understanding e v
m neralisation : process synptomatic of the arthritis condition.

Mor eover, no one has thought to ke such a cell-line for the study
and/ or production of joint matrix tissue 10 for use in skeletal repair

and/ or repl e S | e ndlor. syrgery.. W .. . t heref.ore al so present
her ei n knomﬁ%sggsgﬂ%m, ng%e MSofr (éqqgﬁlgrllénlpg{al{sp‘gon assoclated (Withisaidh of a

human hyper eliénttb6yies op SafCoichdesd te'c:bgq es. According to a second
aspect of the invention there 1s provi eg1 a human hypertrophic

chondrocyte cell-1line. 15 In a yet a further preferred enbodi nent of

the inventign s%;g cell-line is of human foetal origin and al so
i deal |y con&CFg SntooARoglermative aspeey 10f the inventionethase atsupeovidedi ti ve

oncogene o loBhichleal, B A0 LETBSHAI S, Bopcror AL

t enper gt ur ef@xidesaShrovidihg oIt ArdtiiX Ris@@& 0gene product is prevented. W have

20 found that use of suCh an oncogene product. provides for a cell-line
whi ch at the non-perm ssive tenperature shows:type X coll agen
expressi on, I ker for hypertrophic chondrocytes. Thus alternative

a . ] cr >
cel | - 1i nes QSFPRHRE tayhalternative aspiestof theinyentiondhereds pravidedhiemethad cal ci um
can be pr Ovbidfygoducing joint matrix tissue for use in repair andfor replacement of

damaged tissue comprising: . : . ' _ _ (
a) providing a hypertrophic chondrocyte cell-line;

10 b) culturing said cell-line under conditions that promote matrix growth;

and

c) harvesting said cells andfor said matrix tissue andfor selected parts

thereof. o _ _ : |

The invention will now be. describéd by way of example only with reference

15 to the foiloWing examples, Wherein; . .

Figure 1 shows an'upregulation of Type II collagen expression in human

articular chondrocytes.

Figure 2 shows the extracellular calcification achieved by _these cells using
. a standard histological procedure (Von Kassa staining, 11) for tﬁe

20 identification of calcification in tissue matrix. . , |



-
s

According to yet a further aspect of the invention there is provided a

nmet hod 25 for producing articular chondrocyte cell-1ines, which nethod
conpri ses: wo 9gng72s VWO 96/ 18728 :

PCT/ GB95/ 02497 | PCJIGBISN2497 -
imortalising at | east one nmature human articul ar chondrocyte cel

using an immortalising agent; and , P) culturing said imortalised
cell in order to produce a popul ation of ) human arti cul ar

chondrocyte cells. ... . Preferably the j talisin ent, is an .
oncogeneyand rmk:ség"ﬁ? drdepigts §}’1eslppppnoc tochemlch}l? localised t)gpe%% co%lagen (12) in
these cells suggesting the expression in-vitro of characteristics expected of

| hypertrophic chondrocytes.

Figure 4 shows a femur derived from a human foetus which has been

5 cultured for 14 days.

Figure 5 shows 3 chondrocyte cell-lines cloned from foetal femur when
cultured either in the pi'ésence of 1,25(OH)2D3 (top row) or in the absence
of 1,25(0OH)2D3.

Figure 6 shows an actively mineralising monolayer culture of a chondrocyte -

10 cell-line derived from human foetal cells.

Immortalisation of Articular Chondrocytes

Reference 13 is provided as a general method of preparing human articular
chondrocytes for primary culture, but any published method will suffice. In

short chondrocytes from sections of mature human tibial and femoral

15 condyles from patient biopsies were enzymatically digested (14) and placed
ine tissue culture flasks (Costar Ltd. UK) in Eagle's minimum essential
medium (Gibco Ltd. UK) confaining antibiotics and L-glutamine as well as

10% .heat inactivated foetal bovine serum. Cultures were maintained in a
humidified atmosphere of 5% CO, at 37°C and medium changed at regular

20. intervals. The adherent cell population was then transfected with a
| temperature sensitive mutant of the simian virus-40 derived largé tumour (T)
antigen using retroviral transducti'on, Any'standard method of transfection

of this sequence (along with linkage to an appropriate promoter to drive its



a tenperature sensitive oncogene which at a non-perm ssive tenperature
results in enhanced expression of the phenotypic characteristics of the
chondr W&A648728 10 In a preferred enbodi ment of the i peancRdRiv2497 '
i mortalisation is achieved using conventional transfection
techni ques and preferably the i mortalising agent IS an

I rmortalising gene such as an oncogenggand nore preferably still a
tenperature sensitive nmutant of the immortalising oncogene SV40-T.

| deal |y saiespraionct LR 1bmioft9 Wikt Sufficdr dubl a3 afbioaPhosphand S | &

the 15 noh- per m ssi ve ‘'t enperature of the oncogene. According to
a yet furt Iprecipitatian, eléctrdporation of imicrodimjection, putoretdeirah transdiRdion for
produci ng hypertrophi c, chondrocyte cell-1lines, which nethod conprises:

a) i mmor tYaS %h‘ﬁ@n or its SYNPHEEY RENS®r f oet al chondrocyte cel | using an

I rortalising agent; and 20 b) culturing said inmmortalised cell in

order to produce a popul ation of
Immortalisation of Human Foetal Tissue

5 Foetal rib or femur tissue was taken at 7-9 weeks of gestation' and plaéed in
tissue culture flasks (Costar Limited, UK) in Eagle’s minimum essential
medium (Gibco Co Limited, UK) containing antibiotics and L-glutam'ihe as
well as 10% heat in activated foetal bovine serum. C_ultﬁréd .cells were (
maintained in a humidified atmosphere, at 5% CO, and 37° C. and medium |
10  changed at regular intervals (2-3 days). As is 1jsual for primary cultures of
resected tissue, cells within the sémple move 'oll.xt _frorh thé body of the tissue,
adhere to the flask surface, and replicate, potentially, to cover the whole
surface of the tissue culture dish. After an in_itial period of, say, 2 weeks in
primary culture. The cell populétion was transfected with a téfnperature
15 sensitive mutant of the simium virus - 40 derived large tumour (T) antigen

using retroviral transduction.

Culturing of the Immortalised Cells in order to produce a Homogenous
Population of Cells |

2 e -

In short, amphotropically packigt_ed retroviral particles comprising this
20 construct and a resistance marker to getietici;i, G41_8 (kindly ddnated_by Dr
M O'Hare, Institute of Cancer Research, Royal Mérsde_n Hospital, lLincoln’s
Inn, Sutton, Surrey, alternatively, essentially the .same. construct éxpressing :
a temperature sensitive: mutant of the SV40-T oncogene was kihdly donated

by Professor Phil Gaillimore, CRC Laboratories, University of Birmingham,



human foetal -derived chondrocyte ceIIs. WO 96/ 18728

PCT/ GB95/ 02497 9

Preferabl y woesiigmmrtal i sing agent is an oncogene and nore PpeTRIEDhYe®t 1 | |
a tenperature sensitive oncogene which at a non-pernissive tenperature
results in enhanced expression of the phenotypic characteristics of the
chondr ocyte. 5 In a preferred enmbodi ne of the invention

i mortalisation is achi eved using conventional transfection

t echni ques and th Lisin . iSs: an .
or tal 1 si ng. ool S SRR Rk polybrens, ($iel Chemicals)
tenperature Sen%td ‘Fﬁaﬁk@x?&ntrﬁﬁoﬁ faff 0. smg/ the! The %ra?@ﬁ&%ﬂ@a&mﬂo gilbes
preferably still said transfection is dertaken using retroviral

tenperature 10 lowsearaistumgom neffigiemeyt bfin8.0002%orproducing an average of 20

immortalised cell colonies per flask, each colony derived from a single cell.
5  Two hours after virus addifion, the culture medium was replaced with fresh
| medium. Cultures were maintained at 33°C, the ﬁermissive temperature for
the active form of the SV40-T oncogene product. Five days after
transduction, genetlcxn was added to the medium (0.4 mg/ml) for a further 10
days to eradicate cells which had not incorporated the retroviral vector.
10

Differentiation of said cells

Between 14-20 days after transduction, individual colonies of replicating celis
were identifiable. Clones were selected on the basis of being well separated
from other_replicating colonies, the cells in each colony numbering between
15 100-1000 cells. These were picked by rir{g cloning and expanded up to near
confluence in 75¢m2 flasks (Cbstar, UK Lid) which equated to approximately
- 22 divisions from a single cell, prior to freezing stocks down in aliquots. -
Samples were also used for cell characterisation and to determine that they
possessed the ability to express articular chondrocyte specific markers.
20 Expression was effected by exposing the cells to the oncogene’s non-
permissive temperature | (39°C). Clones were derived from the routine

method of single cell expansion.

Experiments to show functional characteristics of the differentiated
articular chondrdcxte cell-line '

25 A specific marker of articular chondrocytes is the ébility to express Type II



| deal | y said method further involves culturing said imortalised cell at

non- per m ssi ve tenperature of the oncogene. Accor di ng
to a yeVOOGASREr aspect of the invention there is provi detT/GBYSI02497
chondrocytes, or at |east one chondrocyte cell-line, in accordance with the *
15 I nvention for use in devel oping therapeutic agents designed to treat
arthritis. According to a yet faurther aspect of the invention
there is provided a nmethod ' for devel oping therapeutic agents
desi gned to dollagen &8). hThé cellc6fpat fivefition were therefore invéKBaRUE order
chondfocytes, or at |east one chondrocyte cell-line, in

accor dance viotshownEynetl eallagan expressione dmmortaliseskurngechondaocytes Wére b))

observing the nature, of .the response, to said test agent. In a
preferred rreethPBG""g?o ??“%g’i BORPSHISEIVG temPerarate Sihe pnensras, after pellet

culture (9,10) for six weeks. Figure 1 shows the mean of 6 pellets incubated
5 at either the permissive temperature of 33°C or the non-permissive
temperature of 39°C." The érror bars represent the standard de\}iation. Figure
1 clearly shows an upregulation of Type II collagen expression at the non-
permissive temperature of 39°C. This data indicates that our- cell-lines

comprise differentiated functional articular chondrocytes.
10 Extracellular Calcification

Figures 2 and 3 show the extracellular calcification achieved using cells in
accordance with the invention. Specifically, Figure 2 shows a standard

- histological procedure (Von Kossa Staining, 11) for the identification of
calcification in tissue matrix. The dark areas (Von Kossa Positi'\}e Staining)

15 -represent the calcified matrix produced by these articular chori_drocytes, this
being separated by the likely stained or unstai_ﬁed chondroc.,yt_e' cells in the
culture. Figure 3 is included to show imm_unocytochemicﬂly‘ localised type

| X collagen (12) in these cells suggesting the expression in-vitro of
characteristics expected of hypertrophic chondrocytes. This data tends to

20 suggest that the cells of the invention may have de-differentiated in order to

show characteristics associated with hypertrophic chondrocytes.

Longevity of the Humén. Articular Chondrocyte Cell-Line

'Using the method of the invention we have surprisingly found that our human

articular chondrocyte cell-lines successfully differentiate to produce
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assessnent wij sgriszzsanount of cal ci um mi neral i sation associ at gi-mwshdke3ay7d
chondrocytes or said chondrocyte cell-Iines. ~ According to an
alternative aspect of the invention there is provided hypertrophic
chondrocytes, or at |east one hypertrophi ciyghondrocyte cell-line, 5

for use in providing joint matrix tissue. According to an

al ternative asphfrrighalldafls Wit icamrtéiaSﬁ&rdcng&mcggx%t&s."Emé%@ns continué®”
producing joint matrix tissue for use In repalr and/or repl acerent o
danaged tissue wosgvivel 2@ have passed through more than 60 divisions over a period of
- 2 years producing 10'® cells from a variety of clones. The cell-lines continue
to survive and moreover the cells of the liné continue to show functional
5 characteristics typical of the tissue type of the differentiated cell.
Furthermore we have been able to produce immortalised human articular
- chondrocyte cell-lines comprising differentiated cells that surprisingly

mineralise calcium.

Experiments to Show Functional Characteristics of the Differentiated
10  Hypertrophic Foetal-Derived Chondrocyte Cell-Line

A specific marker of hypertrophic chondrocytes is the ability to express type
X collagen. The cells of our invention were therefore ihvestigated in order
to show type X collagen expression. All our foetal-derived chondrocytes
expressed this cell marker and furthermore tests were undertaken and it was
15 concluded that type I collagen was not expressed in these cells clearly

showing that they were not of osteoprogenitor origin.

Figure 4 shows a femur derived from a human foetus of 7-9 weeks gestation
and of approximately 600 micrometreé in length. The femur has been
cultured in the afore described culture medium for a period of ‘14 days to
20 allow the outgrowth and expansibn of replicating cell populations as would
be the case for any primary cell cultufe. No prior treatment wit_h enzyme(s)
is required in this instance, however, to help in cell retrieval. Cell expansion
for 14 days was performed prior to retroviral temperature sensitive oncogene

transduction.



a) provi ding a hypertrophic chondrocyte cell-Iine; 10 b)

culturing said cell-line under conditions that pronote matrix grow h;

and WO 96/18728) harvesting said cells and/or said matpdrtchdsayy and/ or

sel ected parts t her eof . The invention will now be
descri bed by way of exanple only with reference 15 to the follow ng
exanpl es, wherein; : Figure 1 sigows an upregul ati on of Type |

col | agen expression i n human articular chondrocytes.

2 shows t héExstrheelhdhtr Caleifivakionf | cati on achi eved by these cells using
a standard histol ogical procedure (Von Kassa ‘staining, 11) for the 20

identification of calcification in tissue rmtri.x.

10

15

20

25

The immortalised foetal-derived hypertrophic chondrocytes were also
responsive te 1,25(0OH)2D3 and expressed high levels of alkaline phosphatase
activity, two further markers of the hypertrophic chondrocyte-like phenotype.
When the cells are left in monolayer culture for 10-14 days at 39°C, the
oncogene’s non-permissive temperature, and in the absence of added (-

glycerophosphate the cultures mineralise. This can be clearly seen in Figure

5 as it shows three chondrocyte cell-lines cloned from foetal femur after

retroviral transduction with a temperature sensitive oncogene. Each cell-line

has a basal level of alkaline phosphatase activity and some type X collagen _

expression. If the cells are plated and incubated at the oncogene's non-

permissive temperature, and in the presence of 1,25(OH)2D3, top row, each

clone actively mineralises calcium as illustrated by the standard histological

‘procedure of Von Kossa staining as afore described. Cells plated and
incubated at the oncogene’s non-permissive temperature in the absence of

1,25(OH)2D3, bottom row, do not actively mineralise calcium.

Finally, Figure 6 shows, again using Von Kossa staining, an acfively
mineralising monolayer culture of a chondrocyte cell-line derived from human
foetal cells. Dark patches represent the mineralised matrix which develops

and overlays the cultured cells which adhere the surface of the culture dish.

We have therefore clearly demonstrated that it is possible to produce ariicufar

chondrocyte cell-lines - either derived from. mature adult tissue, or

alternatively, immortalised younger human tissue - which mineralise calcium.

Our cell-lines thus have use in identifying agents which affect the

mineralisation of calcium by these tissues. We have also demonstrated that

Fi gure
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3 depi cts Wipedimmgnocytochenical ly |ocalised type X col | agenpdypienosiiaey
t hese cells suggesting the expression in-vitro of characteristics expected

of hypertrophi ¢ chondrocytes. _ Figure 4 shows a fenur
derived froma human foetus which has been .5 cultured for 14 days.
Figure 5 shows 3 chondrocyte cell-lines cl c}ﬂed fromfoetal fenur when

cultured either . in the,presenceg qof 1 2 2D3. (top ,rowl or,k.n the absence
of 1. 26( o) 208, 1t 15 posSible (& iRy ide i By ERrBB e pafTaiks SRR RraRERS  or
cul ture of a chopsleOfmd Giso for use in the development of biomaterials for use in any

number of applications but particularly for use in developing materials for use

in joint replacement.



10 cell-line derived fromhunan foetal cells. | | mortalisation

of Articular Chondrocytes Reference 13 is provided as a general
met hodwor96{I8=gar i ng hunan arti cul ar chondr ocyt es pcajcEds/odRy Y
culture, but "any published nethod will suffice. In short '

chondrocytes from sections of mature human tibial and fenoral 15

condyl es from patient biopsies were ena;mat ically digested (14) and pl aced
in tissue culture flasks (Costar Ltd. ) in Eagle's mninum essenti al

medi um (G bco Ltd. UK) containing antibiotics and L-glutani ne as well as
10% heat inactivated foetal bovine serum Cultures were maintained in a

hum di fi ed REFERENCGESf 5% CJ err] at 37[err] C and nedi um changed at
regular 20 . intervals. The adherent cell popul ation was then
transfected with a tenperature sensitive nutant of the siman

virus-40 deyived l.ar u L (T antl gen, ysi retroviral
transduction, A @Ygﬁdgr?ﬁ?ﬁ%ﬁ&s?h’aﬁ% '?&8}?%' an-'A - FW&Mequence
(al ong wi t hpddifikiagsRg. OARELBRPACA thdices MIETRIePhdsPhathte! Sybd X collagen,
and calcium -deposition in cultured chick chondrocytes. J. Biol. Ehem.
5 264:17281-17286.

2. Kato Y., M. Iwamoto, T. Koike, F. Suzuki, and Y. Takano. 1988.
Terminal differentiation and calcification in rabbit chondrocyte cultures grown (

in centrifuge tubes: Regulation by transforming growth factor 8 and serum
- factors. Proc. Natl, Acad, Sci, USA 85:9552-9556 '

10 3.  Sandell L. J, and J. C. Daniel. 1988. Effects of ascorbic acid on
collagen mRNA levels in shortterm chondrocyte cultures. Tiss. Res. 17:11-
22,

4. jikko A., T. Aoba, H. _Murékami, Y. Takano, M. Iwamoto and Y.
Kato. 1993. Characterisation of the mineralisation process in cultures of
15 rabbit growth plate chondrocytes. Dev. Biol. 156:372-380.

5. Pacifici M., E. B. Golden, S. L. Adams and I. M. Shapiro. 1991. Céll
Hypertrophy and type X collagen synthesis in cultured articular chondrocytes.
Exp. Cell Res. 912:266-270.

6.  Stephens M., A.P.L. Kwan, M. T. Bayliss and C. W Archer. 1992.
20 Human articular surface chondrocytes initiate alkaline phosphatase and type

X collagen synthesis in suspension culture. J. Cell. Sci. 103:1111-1116.
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expr essi on ronoter) would suffice, such as cal cium &F@ gpNA
pr eci pi tati“gﬂg,dﬂ-eg esgtroporati on or mcro-injection, but retrcr)ﬂvlﬁ?a o
transduction was chosen for its sinplicity of use. _

| mortalisation of Human Foetal Tissue Foetal rib or femur tissue
was taken at 7-9 weeks of gestation and pI1 ced in tissue culture

(cihco co-ti b ORFskaR K Rt Siohof QOBaRRBLE B waiges 4
mai nt i ned | n 2Bt et SRS oA Ean, ROHREL BB Ndide RTET2TC Sr

medi um 10 changed at regular intervals (2-3 days). As is usual for
primary cul tures of resected tissue, cells within the sanple nove
out fromthe bd&ly ofHoltender sS4, Heathfielda @y 3Velbberh€, fimasx BuBosme Rynd
replicate, poteptiall t o, cover e I surface of .the tissue
Coltur o di she " AdabegkC anck BERIe A R oa00F) Tacrpased dabtias orivPe I Sollggeinia
culture. The c at | : f it o 1 .
sensitive :?mt aﬁc{skeg@ %&l@séﬁgﬁ%?\sﬁa%%gé C%Sécg%lr \i%/'e% *ﬁ;‘{ S’@ﬂ%&( T’? Calﬁ'f'.i gen
Invest. 93:1722-1732.

9, Kato Y, Iwamoto M, Koike T, Suzuki F and Takano Y 1988.

Terminal differentiation and calcification in rabbit chondrocyte cultures grown

in centrifuge tubes: Regulation by transforming growth factor-b gnd serum
10 factors. Proc. Nat. Acad. Sci (USA) 85:9552-9556.

10. Jikko A, Aoba T, Murakami H, Takano Y, Iwamoto M and Kato Y,
1993. Characterisation of the mineralisation process in cultures of rabbit

growth plate chondrocytes. Dev. Biol. 156:372-380.

11. Clark G, 1981. Miscellaneous Stains in Staining Procedures Eds.
15 Williams and Wilkins. publ Baltimore, New York.

12.  Stephens M, Kwan A.P.L., Bayliss M.T., and Archer C.W., 1992.
Human articular surface chondrocytes initiate alkaline phosphatase and type

X collagen synthesis in suspension culture. J. Cell. Sci. 103:1111-1116.

13.  Frazer A, Bunning R, Thavarajah M, Seid J and Russell R.G.G,, 1994.
20 Studies on type II collagen and aggrecan production in human articular
chondrocytes in vitro and effects of transforming gmwth factor-b and

interleukin-1b. Osteodrthritis and Cartilage 2:235-245.



using retroviral transduction. Culturing of the Immortalised Cells
in order to produce a Honpbgenous Popul ati on of Cells I n
short , W#8738opi cal | y packaged retroviral particl es conpuiehdsmaidy s 20
construct and a. resist-ance marker to geneticin, 418 (kindly donated by Dr - *“
M O Har'e, " Inist tute, of Cancer Research, Royal Mar sden Hospital, Lincoln's

I nn, Sutton Surrey alternatively, esmenti ally the sane construct

expressing: .. :a tenperature sensitive nutant of the SV40-T oncogene was
kindly donaued Gowen My Woed T.59] n&ta EﬁaMédténEP; ahRRUSEPRAPE.ES
Uni versity of Birm ngham ° WO 9

PCT/ GB95/ 02984. Stimulation by human mtcrleukm-l of cartllage breakdoirih and
production of collagenase and proteoglycanase by human chondrocytes but

not human osteoblasts in-vitro. Biochim. Biophys. Acta 797: 186-193.



UK) was added to the nmediumtogether with pol ybrene (Sigma Chem cal s)
to a final concentration of 0.8ng/mM. The viral titre was adjusted to give
a ’ | oWQ 96418%28uct i on ef ficiency of 0.0002% produci ng an mve&ERdR2e, 20
inmmortalised cell colonies per flask, each 2d ony derived om_a_si ngl e
cell. 5 Two hours after virus addi tion, the culture rrei";];ms Foerapl;
with fresh ~ nedium Cultures were nmintained at 33[ grrFC pg

perm ssi ve tenpe the active form of the Sy : ene
product. F| ve dmummlm,”’m,”mtransdugL;QIMsgenet|C| n was added to the™
medi um (O for 'a further 10 days to eradicate cells which
had not incorporat ed the retroviral vector. 10 Differentiation of
said cells Bet ween 14-20 days after transductlg,, i ndi vi dual

col oni es of repllcatifyg astieplar chondrocwer‘@hncbéﬁtchﬂasmree n shatdt miperalises
sel-ected on the bzilguﬁhof bei ng wel | separated fromother replicating
col onies, the cetdd each col ony nunbering between 15 = 100-1000 cells.
These were picked by ring cloning and expanded up to near , confluence
in 75cnferr] flasks (Costar, UK Ltd) which equated to approxi mately '

22 divisions frolna sAngirticalat khomdrooytetaccording ton §lairo ¢ keheteima piuralitygot s.
Sanpl.es were al so used for cell characterl S and to determ ne that they
possessed the abfuchiGhondresytescars arganged Jppe €i]@hg‘?ﬂ?ocyte speci fic nmarkers.

20 Expressi on was effected by exposing the cells to the oncogene's non-
perm ssive tenperature (39[err]C). Cones were derived fromthe routine

nmet hod of single cell expansion. :

3. An articular chondrocyte according to Claims 1 or 2 wherein said
chondrocyte(s) are mature or derived from a mature individual and preferably

an individual suffering from or having a predisposition for arthritis.

4, An articular chondrocyte according to Claims 1 or 2 wherein said

10 chondrocyte(s) are of foetal origin.

5. An articular chondrocyte according to Claims 1 to 4 wherein said

chondrocyte(s) is provided as a cell-line.

6. An articular chondrocyte according to Claim 5 wherein said cell-line

is of human origin.

15 7. An articular chondrocyte according to any preceding Claim wherein

said chondrocyte comprises an oncogene.

8. An articular chondrocyte according to Claim 7 wherein said oncogene

is temperature sensitive.

Sheet Has Been RTlaced
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Experinments to show functional characteristics of the differentiated
articular chondrocyte cell-Iline 25 A specific marker of articular
chondr O¥PP9648%28 t he ability to express Type || WO 99&-1:&;};33,02497

PCT/ GB95/ 02497 22

col | agﬁps éﬁgﬂ- 'Hl'hg BE‘EN' s of our invention were therefore i nvest [ gat ed in
or de} SChl kB _ho lype 11 col | agen expression. Inmmortalised human
chonbiacy Ba Y exposed to 39[err]C, the non-perm ssive

t enper at ur 990f th@l&ﬂ@ﬁﬁ?ﬁh«)mﬁ‘b&?ﬁe deebidihg to Claim 8 Wheréia safil dfbog] BfE Si X
weeks. Figure 1 shows the nean of 6 pellets incubated 5 at elther t he
perni ssi ve iei¥é40Ttantigess 33[err]C or the non-perm ssive '
temperature of 39[err]C. The error bars represent the standard deviation.
Fi gure 1 clearly shows an upregul ati on-of Type Il collagen

expression gp the NQBhod for producing an articular chondrocyte cell-line that

mineralises calcium comprising:

5 a) immortalising at least one mature human articular chondrocyte
cell using an immortalising agent; and
b) culturing said immortalised cell in order to produce a

population of human articular chondrocyte cells.

11. A method according to Claim 10 wherein said immortalising agent is

10 an oncogene.

12. A method according to Claim 11 wherein said oncogene is temperature

sensitive.

13. A method according to Claim 12 wherein said oncogcne is SV40T

antigen.

15 14. A method according to Claims 12 or 13 wherein the method further
involves culturing said immortalised cell at the non-permissive temperature

of the oncogene.

15. The use of at least one articular chondrocyte that mineralises calcium

for identifying therapeutic agents designed to treat arthritis.

20 16. A method for developing therapeutic agents designed to treat arthritis
This Sheet Has Been R

L



perni ssive tenperature of 39[err]C. This data indicates that our cell-lines
conprise differentiated functional articular chondrocytes. 10

Extsr acel | unao9enslrzs fi cati on . Fi gurf% 2 and 3 show t hecegsgspeayl ul ar
calcification achieved using cells in accordance w th._the invention.
Specifically, Figure 2 shows a standard hi st ol ogi cal -ipr ocedure (Von -

Kossa Staining, 11) for the identification of cal di H@?Héﬁ
ti ssue matrix. The dark areas (Von Kossa Posi.tive Stainin t BEEML;
| i kel y stained or unstained chondrocyte cells 1nThe

the calcified g@h{y rl{goduced by these -articul ar chondrodytes, REM
culture. Figure 3 is included to show i mmunocytochem cally |ocalised type

bei ng separate
X collagen (12) in these cells suggesting the expression in-vitro of

characteristics expddted e3posing yeess [05rairleasiteng chopdroepte -cellalings t o
20 suggest that the ceIIs of._th ntiated in
or der togg show cha Pé' &)Scugagscglgpg{oggP%tF% rﬁv’%&lﬁj cﬁﬁ‘f‘ﬁm toat
chondr ocyt es. f man Articul ar Chondrocyte

Cel I -Li ne Usi ng ?%% é)(dagtoﬁﬂﬁt e invention we have surprisingly

found thatsour hunarp) observmg the nature of the response to said test agent.

17. A method according to Claim 16 wherein said observation involves an
assessment of the amount of calcium mineralisation .associated with said

chondrocytes or said chondrocyte cell-line. -
18. A human hypertrophic chondrocyte cell-line.

10 19. A cell-line according to Claim 18 wherein said cell-line is of foetal

origin.

20. A cell-line according to Claims 18 or 19 wherein said cell-hne

compnses an onco gene.

'21. A cellline according to Claim 20 wherein said oncogene is

15 temperature sensmve

22. A cell-line according to Claims 20 or 21 wherein said oricogene is

SV40T antigen.

23. A method for. producing human hypertrophic chondrocyte cell-lines,

m\ \“ R\ I



articular chondrocyte cell-lines successfully differentiate to produce
WD 96/ 18728

PCT/ GBS $718328 PCT/GBS5/02497

funct i onal cell ' articul ar chond2okyt e characteristics. The cells
CONtA-TIE G ET. HAQBEENJ vive and have passed through nore than 60 divisions
ove T&‘ E‘g‘g\ ..} 2 years producing 10[err] cells froma variety of
cl ones. rTES: conti nue to survive and noreover the cells of
the Tine conti mae) tOlﬁﬁ'ﬁUﬁélwﬂﬁ% apmaét oré humé&ih #6etalk GdndedSfe b¥PuSRHg Of the
tissue type of the differentiated cel Furt hernore we have been
abl e to produce i mmramallrmmemhungragam;landl ar chondrocyt e cell-lines
conprising diff rentl ed cells that sufpr,isi 1?; m neyalise

cal ci um WRRg; said, igmort iSHallfl CoBderc dRr PERJUSE @F t he

& et ated 10 ﬂ@bﬁfartfoh%’lhhl‘fmgﬁ%&El—@@ﬁ{té’a‘aghﬁmﬂgﬂ;@ccﬁlﬁ Cel I -Li ne

5 24. A method according to Claim 23 wherein said immortalising agent is

an oncogene.

25. A method according to Claim 24 wherein said oncogene is temperature

sensitive. | o | (

26. A method according to Claims 24 or 25 wherein said onicogene is

10 SV40T antigen.

27. A method according to Claims 25 or 26 wherein said method further |
involves culturing said immortalised cell at the non-permissive temperature

of the oncogene.

28.  The use of hypertrophic chondrocytes, or at least one hypertrophic

15 ‘chondrocyte cell-line, for use in providing joint matrix tissue.

29. A method of producing joint matrix tissue for use in repair and/or

placement of damaged tissue comprising:

a) providing a hypertrophic chondrocyte cell-line; .
| b) culturing said cell-line under conditions that promote matrix
20 S growth; and

c) harvesting said cells and/or said matrix tissue and/br selected

// .
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A specific marker of hypertrophic chondrocytes is the ability to express
type -~ X collagen. The cells of our invention were therefore

i nvest i gat ewo sp/8ysker .to show type X coll agen. expresmﬂ. Gﬂs}ozﬁw :
foetal -derived chondrocytes express@d§t hi s cel'l marker an
furthernore tests were undertaken and it was 15 concluEed—LhaL_fvne I
col l agen was not expressed in these cells clearly FHikSi SHEETAS BEEN
wer e not of osteoprogenitor origin. Figure 4 shqws a - REPLACKeT | veq
froma human foetus of 7-9 qﬁegsn%)statlon and of app

m cronetres in | ength. TheP? been cultured in the afore
described culture nediumfor a period of 14 days to 20 all ow t he
outgrowt h and expansi on of replicating cell populations as would "~ be
the case for any3@ri nHypertriphicchdndrecytd giratdeadtroet nypertrophib ohnugtmey&)
is required in thls i nst ance, , however, to help in cell retrjeva

expansi on cgliyting4f oaayge Wa‘éiebm%g Fhﬁiaﬁﬁqt’&ra&eﬁtsr designad tg) treas ﬁﬁbﬂaﬁur e

sensitive oncogene . t ransducti on.

O

—_—
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Extiracel | ulwos@ad7s fi cati on _ - The imortalised foetal peg&aysiao7
hypertrophi ¢ chondrocytes were al so responsive to 1, 25(0H) 2D3 and
expressed high levels of al kaline phosphatase activity, two further

mar kers of the hypertrophic chondrocyte-li ke phenotype. 5 When t he
cells are left in nonolayer culture forl/80-14 days at 39[err]C, the -
oncogene' s non-perm ssive tenperature, and in the absence of added [err]-
gl ycer ophosphate the cultures mneralise. This can be clearly seen in

Fi gure 5 as it shows three chondrocyte cell-lines cloned fromfoetal
femur after retroviral transduction with a tenperature sensitive
oncogene. Each cell-line 10 has a basal |evel of al kaline phosphatase

activity and sone type X col l.agen ex I . . he cells are
pl ated and incubated at the o gngogaﬁﬂﬂbgﬁsg%%mbgw%tenperature,
and in the presence of 1,25(0H)2D3, top row, each - cl one actively
m neralises calciumas illustrated by the standard histol ogical
procedure of Von Kossa staining5 s afore described,  Cells plated and 15
- |

i ncubat ed at the oncogene's no erm ssive tenperature in'th¢ absence of
1, 25(OH) 2D3, bottom row, do Ept actively mneralise ca cium

S 207

- .
0 /
33°%C 39%
Culture Temperature

FIGURE 1
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F nally, Figure 6 shows, again using Von Kossa staining, an actively

m neral i sirzng nonol ayer culture of a chondrocyte cell-line derived from
human _ foetal cells. Dark patches represent the m ner lirRadsiRioti X
whi ch devewWo®s/18128 and overlays the cultured cells which adhere the
surface of the culture dish. We have therefore clearly
‘denonstrated that it is possible to prodgge articular chondrocyte
cell-lines - either derived fron1 nat ure dult fuqcnp or S—

al ternatively,; .S '
cal ci um '

‘affect the 2
dennnstrat%?i Y
PCT/ GB95/ 0249
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afore and also for use in the devel opnent of biomaterials for use in any
nunber of applications but particularly for use in developing materials for

use in joint replacenent. WO 96/ 18728 PCT/GB95/02497
PCT/ GB95/ WRY9518728 18 :
REFERENCES . 1. Leboy P. S., L. Vaias, B. Uschmann, E. Colub, S.
L. Adans and M ‘Pacifici 1989. corbic acid induces al kaline
phosphat ase, type X coll agen, and cal ci um deposition in cultured

chick chondrocytes. J. Biol_..chem-

5. ...@{.-]:.7,2.8.1,_]:_ .7i_ . R

FIGURE 2
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2. Kato Y., M Iwanoto, T. Koike, F. Suzuki, and Y. Takano. 1988.
Termnal differentiation and calcification in rabbit chondrocyte cultures

gr ewn trifuge tubes: Regul ation by transforning tor
[err] and é%@ﬁﬁgﬁﬁﬁ factors. Proc. Natl, Acad, Sci, USA 85: 8%%E@
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I A human hypertrophic chondrocyte cell line. 2. A hypertrophic

chondrocyte cell line (e.g. a human hypertrophic chondrocyte cell line) for
use in: (a) surgery; or (b) the ' f
matri x ti seoe6is12&kel etal repair and/ or P%gﬁ%%%ﬁ@ﬁ??

(c) providing matrix tissue; (d) skeletal (e.g. hip or joint)
repl acenent. 3. Matrix tissue prodgiaed by a hypertrophic chondrocyte
cell Iine (e.g. a human hypertrophic chondrocyte cell line) for use in

skel etal repair and/or replacenment and/or surgery. 4. A mineralizing
articular chondrocyte or chondrocyte cell-line (e.g. a human articul ar
chondrocyte or chondrocyte cell-1line). 5. The articul ar chondrocyte of

claim4 which is:
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(a)' a dedifferentiated articul ar- chondrocyte; and/or | sol at ed,;

and/ or (c) imortalized. 6.: The use of an artiBEPmcmm
as %a cell nodel for matrix calcification. - 7. The usejo ‘
chondrocyte according to Claim6 wherein-a plurality o

are arranged in pm The use of an articllpr
according to d ai *Ilmmmum”mlll d chondrocyte(s) ar :
froma mature individbal*ard greferabl y aLAIMSi dual

having a predisposition for arthritis or requiring ske
joint) replacenent. 9. The use of an articular chondrocyte according

Clains 4-7 Wnerei'n salLd chondrocyte(s), are of foetal origin. .
. e use of an articular chondrocyte as a cell model for matrix

buch. chondrocy} ep

HOW 995t §

calcification.

2. The use of an articular chondrocyte according to Claim 1 wherein a

5 plurality of such chondrocytes are arranged in pellet form.

3. The use of an articular chondrocyte according to Claims 1 or 2
wherein said chondrocyte(s) are mature or derived from a mature individual
and preferably an individual suffering from or having a predisposition_ for

arthritis.

10 4, The use of an articular chondrocyte according to Claims 1 of 2

wherein said chondrocyte(s) are of foetal origin.

5. The use of an articular chondrocyte according to Claims 1 to 4
wherein said chondrocyte(s) is provided as a cell-line.

6. The use of an articular chondrocyte according to Claim 5 whereiri said

15 cell-line is of human origin.

7. The use of an articular chondrocyte according to any preceding Claim

wherein said chondrocyte comprises an oncogene.

8.  The use of an articular chondrocyte according to Claim 7 wherein said

oncogene is temperature sensitive.
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10 The use of an articul ar chondrocyte according t

ar tsi cul ar chondr
human ori gi n.

to any preceding
13. The use of an articular chondrocyte according

oncogene is tenpdrat uTheasewiftan\articular chondrocyte according to Claim

10

15
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1 The use of

o daims 4-10 wher fi f Hg ihelis of
'm"iﬂ ,ﬁﬁ,!!luse of an articula *hondrocy cicor di ng

atm d chondroc2te conpr eR—-0Acagan

oLo o

o daim1l2 V\/nereln sai d
mn said

oncogene is SV40T antigen.

10. A method for producing an articular chondrocyte cell-line that

mineralises calcium comprising:

a) immortalising at least one precursor human articular
chondrocyte cell using an immortalising agent; and

bi culturing said immortalised cell in order to produce a
population of human articular chondrocyte cells.

11. A method according to Claim 10 wherein said immortalising agent is

an oncogene.

12. A method according to Claim 11 wherein said oncogene is temperature

sensitive.

13. A method according to Claim 12 wherein said oncogene is SV40T

antigen.

14. A method according to Claims 12 or 13 wherein the method further
involves culturing said immortalised cell at the non-permissive temperature

of the oncogene.

15. The use of at least one articular chondrocyte that mineralises calcium

for identifying therapeutic agents designed to treat arthritis.
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14.. The use of an articul ar’ chondrocyte according tg | n said
oncogene is SV40T 15. A process for produci ﬂAﬁB\%?N PTI g

ar tsi cul ar chondr ocyt M| si ng: . a i mortalisingl a
human arti cuI ar chonﬂlm m‘nuﬁ“ gan . - i ihbMNGM 186ngl agent ;
and cul t Uk ng sai & i.fimoftal i sedzcell injotder to produc

popul ati on of human arti cul ar chondrocyte cells. 6. A process accof di ng

to Caiml5 whengi N Pnsbthod o déveld qggré
process accordi %g to Claim16 wherellﬂﬂé Pﬁ‘é@%g‘ﬁ%“ I's tenperature

sensitive. 18comp|msnrgass according to daim 17 wherein said oncogene is
SV40T anti gen. .

a) exposing chondrocytes, or at least one chondrocyte cell-line,
comprising articular chondrocytes that mineralise calcium to at
5 least one test agent; and

b)  observing the nature of the response to said test agent.

- 17. A method according to Claim 16 wherein said observation involves an
assessment of the amount of calcium mineralisation associated with said

chondrocytes or said chondrocyte cell-line.

10 18. A human hypertrophlc chondrocyte cell-line wherein said cell line is
of foetal origin.

19. A cell-line according to Claim 18 wherein said cell-line comprises an

oncogene.

20. A cell-line according to. Claim 19 wherein said oncogene is

15 temperature sensitive.

21. A cell-line according to Claims 19 or 20 wherein said oncogene is

- SV40T antigen.

22. A method for producmg human hypertrophic chondrocyte cell-lines,

which method comprises:

20 a) immortalising at least one human foetal chondrocyte cell using
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thod further

19° A process accord| ng to Cains 17 or 18 wherein t

i nvol ves cul turi ng iﬂummﬂwjﬁﬂn cel | at the nont REGLACESSEINTESHEET

t egiperature of the " he use of at | egst i g
articular chondrocyte for |dent|fy| ng therapeutic adents geé 9”‘@9

repl ace skeletal tissues (e.g. in the treatngnt of rthr ;J 61| A
process for producing a therapeutic agent for repla skeletal tigsyes
(e.g. in the treatnent of tlﬁﬁﬁéﬂtﬂ]s]ﬁg)ggéﬂtmaﬁa the jsteps of a
exposi ng chondrocytes, or at |east one ondrocyte cett Fine,

conprising articular bhondcmhmmg sdidt iminrartalisede cell in order toalpmduaet G at

| east one test agent; observi n(tg the nature of the response to
sai d test agent: POP‘dﬂtion of humagn foetpl-denivechghendmeytemsllsi c agent
on the basis of the identity of the test agent exhi bi ti ng an
appropriate response in step b).

23. A method according to Claim 22 wherein said immortalising agent is

5 an oncogene.

24. A method according to Claim 23 wherein said oncogene is temperature

sensitive.

25. A method according to Claims 23 or 24 wherein said oncogene is

SV40T antigen.

10 26. A method according to Claims 24 or 25 wherein said method further
involves culturing said immortalised cell at the non-permissive temperature

of the oncogene.

27. The use of hypertrophic chondrocytes, or at least one hypertrophic

chondrocyte cell-line, for use in providing joint matrix tissue.

15 28. A method of producing joint matrix tissue for use in repair andfor

placement of damaged tissue comprising:

a) providing a hypertrophic chondrocyte cell-line;
b) culturing said cell-line under conditions that promote matrix
growth; and
20 c) harvesting said cells and/or said matrix tissue andfor selected
parts thereof.
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2)3 22. A process according to C aim21 wherein said observing step
i nvol ves an assessnent of the amount of cal cium m neralisation associ at ed

with said chondrocytes or said chondrocyte cell-line. 23. A human
hypertrophic chondrocyte cell-line according to claim1 wherein said
cell-line is of foetal origin. 24. A cel$-line according to Caim 23
wherein said cell-line conprises an oncogene. 25. A cell-line according

to Caim 24 whegei nERestroplieEaBadictytss, ¢ fat et ionediypiemrdphiorchbdrocyte
cell-line, for use in identifying therapeutic agents designed to treat arthritis.
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26. qﬁ proces m [@%M“Tﬂl human hypertrophi c chondrocyte cell- I|ines,

.ch proce ©a) imortalising at |eastfp :

--"’:‘I%Jet al ch-ojﬂu s~ '+ using an imortalising =] 3 NT SHEET
b) culturing said inmmortalised cell in order to produce ja
popul ati on of hunman foetal -derived chondrod@te cells. 27. p? BcMAY 1998
raccording to C '{p‘sZG wherein said imortalising agent is gnjoncogene (e.g
as defined in §%—o-n-e of clains 25 or 26). 28. A processfaccording to
Claim 27 wherein said nethod further involves culturing satdimmprtalised
cel | at the non-pek hunan hpexinoehia ghendiocytr csht ddefe. 29. The use of
hypertrophi c chondrocytes, or at |east one hypertrophic chondrocyte
cell-l1ine, for Jproyingpb&tAdBhid ¥nbhd®dgte cedD.1ifie PNGESH Huftdn MyPeitropBic
matrix tissue fcggn&i:%%yi:g creﬁi)ail.irne?‘@yro{tse in:

(a) surgery; or
(b) the production of matrix tissue in skeletal repair

and/or replacement;
{c) providing matrix tissue;
{d) skeletal (e.g. hip or joint) replacement.

3. Matrix tissue produced by a hypertrophic chondrocyte cell line
{e.g. a human hypertrophic chondrocyte cell line) for use in skeletal
repair and/or replacement and/or surgery.

4. A mineralizing articular chondrocyte or chondrocyte cell-line
{e.g. a human articular chondrocyte or chondrocyte cell-line).

5. The articular chondrocyte of claim 4 which is:

(a) a -dedifferentiated articular chondrocyte; and/or
(b) isolated; and/or

(c) immortalized.

6. The use of an articular chondrocyte as a cell model for matrix

calcification.

7. The use of an articular chondrocyte according to Claim 6 wherein
a plurality of such chondrocytes are arranged in pellet form.

8. The use of an articular chondrocyte according to Claims 4-7
wherein said chondrocyte(s) are mature or derived from a mature
individual and preferably an individual suffering from or having a
predisposition for arthritis or requiring skeletal (e.g. hip or
joint) replacement.

9. The use of an articular chondrocyte according to Claims 4-7
wherein said chondrocyte(s) are of foetal origin.

10. The use of an articular chondrocyte according to Claims 4 to 9
wherein said chondrocyte(s) is provided as a cell-line.

11. The use of an articular chondrocyte according to Claims 4-10

wherein said cell-line is of human origin.
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repl acemmet of skel et aI tissue (e.g. in the treatnment of arthritis)

conpri sing 13. The use of an articular chondrocyte according to Claim 12
wherein said oncogene is temperature sensitive.

14. The use of an articular chondrocyte according to Claim 13

wherein said oncogene is SV40T antigen.

15. A process for producing a mineralizing articular chondrocyte
cell-line comprising:
a)- immortalising a human articular chondrocyte cell using an
immortalising agent; and
b) culturing said immortalised cell in order to produce a
population of human articular chondrocyte cells.

16. A process according to Claim 15 wherein said immortalising agent

is an oncogene.

17. A process according to Claim 16 wherein said oncogene is

temperature sensitive.

18. A process according to Claim 17 wherein said oncogene is SV40T

antigen.

19. A process according to Claims 17 or 18 wherein the method
further involves culturing said immortalised cell at the non-

permissive temperature of the oncogene.

20. The use of at least one mineralizing articular chondrocyte for
identifying therapeutic agents designed to replace skeletal tissues
(e.g. in the treatment of arthritis).

21. A process for producing a therapeutic agent for replacing
skeletal tissues (e.g. in the treatment of arthritis) comprising the

steps of: _

a) exposing chondrocytes, or at least one chondrocyte cell-
line, comprising articular chondrocytes that mineralise
calcium to at least one test agent;

b) observing the mature of the response to said test agent;
and

c) providing a therapeutic agent on the basis of the

identity of the test agent exhibiting an appropriate

response in step b).
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%ﬁ ‘the step of ex 05|n phlc chondrocytes to a test fagent: 33"

t-her apeuti c agenl“ I“ Eﬁl ment of skeletal tissue (e.d {in

treatment of art ‘ e by the process of claim 33 1%pﬂﬁ”‘wgg;
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30. Hypertrophi ¢ chondrocytes, or at |eaé® one hypertrophic chondrocyte

cell-1i in i i f Vi : . . 7
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' involves an assessment of the amount of calcium mineralisation
associated with said chondrocytes or said chondrocyte cell-line.

23. A human hypertrophic chondrocyte cell-line according to claim 1
wherein said cell-line is of foetal origin.

24. A cell-line according to Claim 23 wherein said cell-line
comprises an oncogene.

25. A cell-line according to Claim 24 wherein said oncogene is as

defined in claim 17 or 18.

26. A process for producing human hypertrophic chondrocyte cell-
lines, which process comprises: R
a) immortalising at least one human foetal chondrocyte cell
using an immortalising agent; and
b) culturing said immortalised cell in order to produce a
population of human foetal-derived chondrocyte cells.

27. A process according to Claim 26 wherein said immortalising agent
is an oncogene (e.g. as defined in any one of claims 25 or 26) .

28. A process according to Claim 27 wherein said method further
involves culturing said immortalised cell at the non-permissive

temperature of the oncogene.

29. The use of hypertrophic chondrocytes, or at least one.
hypertrophic chondrocyte cell-line, for providing matrix tissue.

30. A process for producing matrix tissue for use in repair and/or
placement of damaged tissue comprising:
a) providing a hypertrophic chondrocyte cell-line;
b) culturing said cell-line under conditions that promote
matrix growth; and
c) harvesting said cells and/or said matrix tissue and/or
selected parts thereof.

31. Hypertrophic chondrocytes, or at least one hypertrophic
chondrocyte cell-line, for use in identifying therapeutic agents
designed to replace skeletal tissue (e.g. in the treatment of

arthritis) .

32. A process for producing a therapeutic agent for the replacemnet
of skeletal tissue (e.g. in the treatment of arthritis) comprising
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the step of exposing hypertrophic chondrocytes to a test agent.

33. A therapeutic agent for the replacement of skeletal tissue (e.g.
in the treatment of arthritis) obtainable by the process of claim 32.



