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The inventi WP M448%%s (o a nethod for producing human cell -1 h’eégﬂlggng’éug%’l l's

and cell-lines when produced by such a net hod. 5 It is wdely

‘acknow edged that it woul d be advantageous to have in vitro cel

‘nmodel s that sinmulate in vivo conditions. ldeally, the cell nodels should be
‘able to propagate in culture, express specialised tissue functions and

al | ow fundanment al bi ol ogi cal problens to be answered by a sinple

mani pul ati on of the culture conditions. 1t is therefore not
surprising to discover that 10 EEﬂMHMﬁHEEiJhﬁJEﬂE%ent many years trying to
perfect in vitro cell nodels and i n doing so they have di scovered
that normal differentiated cells generally do ' not proliferate in

culture and [ | qgﬂ{,é]ry ] .

| ndeed as fa%ﬁ%@§ﬁ§§g§&ﬁ§é%§§ﬁﬁg‘% I ﬁ%??%%*‘?e atE a&kl]gl%shlajnn%ﬁe‘%ng
fibrobl ast argdokElines whent prothieed byt siich 4 hethodber- of divi sions these
cells 15 can undergo is limted. Simlar observations have been nade for

a wde variety of tissue types and.indeed it has been discovered
o P2 Lty scknbadiiea e oA Ao 1 ke 1o
encscence, | HBoasls il SBRels"pr B nditions. S, %, 581 cBlls SBRMA B o
of growth- on ool i Prdpaihs th b}, ERebs @ RIRH B functiond ShaHlla©
thit is to sgyunifnentl biological problemsito e anSesed by asitiple mahiiadation of
I rmortalised cells may retain the ability to express tissue-specific
functions. | ttheoctlture conditions: eflsris therafarganot surprising sted disdover be
L(g—? &S&'} 822%&%3 ihgvgistpggt l:zrir;my }I'ena\fse ) ga%cl 82 ect in vitro cellvgo%%‘slﬁé) 0
in doing so they have discovered that normal differentiated cells generally do
not proliferate in culture and often cease to express their specialised function.
Indeed as far ago as 1965 Leonard Hayflick reported that when human lung
fibroblast are observed in tissue culture the number of divisions these cells
15  can undergo is limited. Shnﬂarcﬁmehmﬁonslmwelxmnlnadefbrztvdde
variety of tissue types and indeed it has been discovered that each type of
tissue or cell undergoes a characteristic number of divisions before cell
senescence or apoptosis. In order to circomvent what would seem to be age-
: related cellular death or senescence, researchers have investigated aberrant
20 tumour cell-lines that are capable of growth in culture well beyond the
normal level 6f growth encountered for a normal cell of the same tissue type,
that is to say the cells are immortalised. | Advantageously, these immortalised
~ cells may retain the ability to express tissue-specific functions. It would

therefore seem that immortalised cells may be favourable tools for in vitro

25 investigations.



2 | ndeed, historically the generation of cell-lines was founded on
t he WOgAIpi on that tunour cells do not exhibit apopt ®cTaGBIE02S1
early cel I"~tines were obtained only as tunour cells or spontaneously
i Mmortalised variants of cells which grewreadily in tissue culture.
Subsequently, the discovery that 5 cerjain viral oncogenes had the
.capacity to confer indefinite growth upon various nornmal cell types

led to the rapi e ey o] O ced | < hi r fection

:of these i m@ﬁpg?cgsﬂ%%@& Q}érﬁle%%%y N ogiae%élur{eﬂéésno‘r”ﬁasal foc‘ie}%qerd LY tﬁtgtypes
in vitro. | MmayckAlatish tHadRiRouE 2l do indk eRHILIEApAPtbSist T Satly? c¥iTneS Y

of strategies such as transfection and retroviral” nedi ated gerie i nsertions.
10 Thus t heenesebtainednondytas tumogr gells or Ispentaneously dmarorthlisqd variaiton of

a w de variety of non-human cell-lines fromdifferent_ tissues.

Over the pastoficells adicl grew readilyin tissug qudmize.pSubseguentiy, the discovernythat cel | -

chen carcar oo K Bicodh, b Lhbalit ot hddhl b b e -
1 ) iy > ) )
di5ffefeﬁriea?e‘glgl&khsmﬁjggl?W&gﬁﬁgmg%ge§£%§ﬁ§%gsbﬁmﬁér}g\‘??l}'tl}gg'ss (6).

However, al t gy igthnsféction of these m@éﬁaimggmwd&emy iifordestreli iora@b célhat

have retai ned sone differenti ated uncti ons these human cell -1ines

do not go beyypes in ¥itw. r bpmortalising gemésocan be introdugedpintos celloby acvarietynce.
It therefore follows that_ such cell-lines_are of Jitt]e 20 value for in
vitro invest iQfastrasegies such as transfection G‘thfﬁ@ﬂﬁ{sm eS8 MseRtions.

ot o7 5 | T ek BRRiCRHATRI Bbes has, faciitl fhd brdvisiBRidk RAgk "

saime { echni Auetiek) oP HRURTnaN CeHSIAM frémi HifltcRtiksdsnes, by the

t er m successf we nean Imortalise -l nes ich'retain their tissue
25 specific characteristics. It will be apparent, that in the absence
of imortalisation and tissue specific characteristics cell-lines .

gener at ed carf@ver the past fifteen(yemss ithao possible to produce non-human cell-
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l . . . . . . ., be
used as reli i!ﬂ@ refaiping differentiaged, functions by transforming norman’ cells with
' chemical carcinogens (1), oncogenes (3), and tumour viruses (4,5). Workers

15 have also attempted to produce human cell-lines retaining differentiated
functions using oncogenes (2) and tumour viruses (6). However, although it
' is possible to produce human cell-lines that have retained some differentiated
functions these human cell-lines do not go beyond a few replications before
apoptosis or senescence. It therefore follows that such cell-lines are of little

20 value for in vitro investigations.

In view of thé considerable success experienced in producing non-human cell-
lines it is both puzzling and frustrating that, so far, it has not been possible
to use the same techniques to pfoduce successfully human cell-lines, by the
term successfully we mean immortalised cell-lines which retain their tissue
25 T specific characteristics. It will be apparent, that in the absence of
immortalisation and tissue specific characteristics cell-lines generated cannot



It is interesting to note that the production of immortalised murine
cell-lines .~ _can be provided using any of the above tec

wher eas |t“ﬂ3*ﬁ5¥“b055|ble to provide i mortal i sed hugﬁhﬂggﬁvmp?%es.
The difference may, in part, be 5 related to the |life expectancy of the
organi smfrom whi ch the cells derive. For exanple, the life
expectancy of a nouse is approximtely 23years whereas the life
expectancy of a human is approxmately 70-80 years and therefore it

s possi bl e pigkeBERIRRION WilFo ceilGRbGERAN difference in |ife
expectancy there may be nmore stringent regulation of human cell replication

10 and this stringent regulation may, in part, be responsiblé for the
pr of ound general |ack of success in producing differentiated human
cel | -1ines. Itis interesting to natethat she prodngtion efrimmertalised murine sellines, we

have found t hat contrary expe Qons IS 55|b e t roduce |
an i mor t al | 0dbeProYided.ysing fttﬁ? Pﬁ@"#ﬁ‘&\?‘%‘%’ﬁr &l?égaﬁo.?&ﬂ@ nossihle;
functions lﬂﬁdHi nethod
i nvol ves tm [E 'HW er en§I dlffedrr%re pchur?gi?’ cells.

Al thougd sucrelfed E& then tige bﬁ?&mﬁ@dofthe or ﬁﬁmrﬁohpw&ﬁeldmdbémmﬂ% ation -

no one has before realised that such cells can be used routinely to
provi de i mdFdrakkample; thenlife:|dxpectancyt ofiia mgqusesis approximatelyt 2syears

;sgetchglrgfgtrjg‘gt [ onsﬂ'ime n@l;?:gtggtgnggt re_di ffe[ent i at ed gaenot §8 X,Q?FS Mavel t
di {1 er ent | acfEpion it’ls BpSRLfEC gt #%?aiﬁé"é&)k#% SupBRaR Jnfiee, B e
undi fferenti g&, 18§ be more sﬂfﬂﬁbﬁﬁirégﬁlﬁdmﬁfhﬂ?}a?{éeﬁlﬁ% ggﬁgﬁng to

differentiation, one has” t hought to use und ells as

a sour @ foramrﬁﬁsétrmgemcregﬂahmmmypm@m,& mpensibqumdies tefoahddy t he
differentiated cell. Rather, Is customary to tak MD 96/ 14400
PCT/ GB95/ 02general lack of succ&ss m producing differentiated human cell-lines. a

differentiated cell and then imortalise the dlfferentlated cell with a
Vi ew to producing a human-cell-Iine. is therefore interesting to

[‘g;ghf Egt t"Sur inventidiF i Yhstd &% 's%i‘&%h@“d&ﬁ%e&g%ésﬁaﬁo%ﬁﬂé 'R
contrary to expectations, it is possible to produce an immortalised human cell-
line which expresses tissue specific functions when the method of the

15 invention is practised, which method involves the use of immature,
undifferentiated or precursor cells. _Although such cells have been used
before to study differentiation - no one has before realised that such cells can
be used routinely to provide immortalised human cell-lines that express the
tissue specific functions seen in the mature differentiated phenotype.

20 | It is therefore important to note that although undifferentiated cells have been
| used to provide cell-lines for the purpose of studying the differentiation
process where one would expect to start with an undifferentiated cell if one
__wanted to study the process leading to differentiation, no-one has thought to

use undifferentiated cells as a source for providing a cell-line when one

25  simply wants to study the differentiated cell. Rather, it is customary to take



It is also interesting to note that when undifferentiated cells are used to
5 produce human cell-lines for the purpose of studying the process of

di fferenti awoowie40d when a controllable i mortalising agent F%&”ﬁ'gﬁmég’ed
such as the SV40 large-tumour T antigen-the method has al ways invol ved the
switching on and off of the immortalising agent at preselected intervals

al ong the differentiation pathwayso that at these predeterm ned
intervals the 10 = products of differentiation can be identified with a

! e 10 | on can b i e
bt hay. 1 - Goereraitated, cell i fEh dmfbred R B RErate BB Nk 8w |

of an undiff ' ' ﬁhha‘lﬂ"' ine. it/ iSWRerefre interestiig 16 ®R8- that the
cont i nuousl y%’%ﬁéﬁgeér:m na %@?&?e?{ti%t lon w t]”lng. Vi e%v to
i nvest i gat i ngnétheddbifithe invéntivregoescagainstecariventionahteachipgi n, it can be seen

that 15 the nethod of the invention goes agai nst conventional teaching.
It can therefore be seen that there is a need to provide imortalised human

obj ect  of -t hdt AR ieresing, B, pae Hatohee wiReRbislet colls ae SRS Lo
d | | -1 :

Zrzlcordi r% tgepgoa}l&gﬁ“ﬁ%icéélgﬁﬁ? e ?n@%ﬁﬁ%ﬁ?ﬁglﬁigt Ir’ueigopgc%rg%v?%ed a

met hod for prcﬁfféﬁéﬂﬁﬁbhf@m odich-4 congollable immbedlisimgpageritripis been used a)

imortalising a human undi fferentiated or precursor cell of a given
ti ssue type Usichasahe SVi46rlarge-mimonrsl antigemthehme viays dnvelvedthent ed

therewith a control neans whereby, activgtion of the cantral. a
termnates switching gmand/off gf)the mmlortaﬁsmg agent atpresglectea infervals along
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Precursgl  produfts' of differentiation can be identified with a view to establishing
markers for mapping the differentiation pathway. In contrast, the method of

-

the invention concerns the use of an undifferentiated cell which is allowed to
| prog:'ess continuously towards terminal differentiation with ‘a view to
inv@stigating the differentiated cell therefore, once again, it can be seen that

15 the method of the invention goes against conventional teaching.

It can therefore be seen that there is a need to provide immortalised human
cell-ines which can be used as in vitro cell models and it is therefore an
object of the invention to provide_, a method that produces such cell-lines; and
cells and cell-lines when produced by such method.

| 20 According to a first aspect of the invention there is therefore provided a
" miethod for producing human cell-lines, the method comprising;

a) immortalising a human undifferentiated or precursor cell of a given
tissue type using an immortalising agent which includes or has associated
therewith a control means whereby activation of the control means terminates



b) culturing said inmmortalised cell in order to produce a honbgenous
popul ati on. of human cel | s, 5 c) activating the control ' :
R 9654400 sat | 11 or ESTISIBAS 20 g

order to te nmortal i sati on and activate differ
d) allowing differentiation of said cells so as to produce fully
differentiated cells of said given tissue type. It can be seen

fromthe above that the nethod is characterised by the use of 10
-undi fferentiated or precursor cells in order to produce a desired fully

e S oy B 0

cell-1line. Thus for exanple, an osteobl ast ceII-Irne wll be

provi ded by tﬁ% use of bone marrow stronmal cells; an osteocl ast
cell-line will be provided by the use of 15 haerrapoi etically derived

ost eocl ast precursors a heart cell-line will be produced by the use

of myocar di al bpr eceiltping saidsimeogtalised cell in prdes tai prodwee a hemogeaows by
the use of kidne ellfﬁbggﬁgs cells; a nuscle cell-line will be
provi ded by tPeP °%'i5ecursor cells; a skincell-line will be

provi ded by the use of epithelial precursor cells; aliver cell-line wll
be 20 provi ded by hepatocyte precursor cells; alung cell-line wll be
provi dedsby ¢)  adtivaingahe cBhft6lifrfeans & btder t8 RétmlingteSivkmepiatisaticiband | | be
provi ded be the uSe of |ynphocyte stemcells. It can therefore be
seen from t heactivateedifferentiatiomggaides t hat the nature of a given cell-line
can be determ ned having regard ' to the type of differentiated or
precursor cells used in the nethod of the WO 96/14400

PCT/GBQS/OZS%&

i nvent i on. allopying., Affstsmpiation, A, seidngells, 40 (#f (RcPpuce fully
undi fferent i a3tferitidted CEN$ OF sGid given tissue type.

It can be seen from the above that the method is characterised by the use of

. 10 undifferentiated or precursor cells in order to produce a desired fully
differentiated human cell-line. It follows that the choice of the
undﬂﬁnenﬁauxlor;necunxn¢xﬂludﬂchﬂennhﬁ:du:nannecfthcrxibﬁnc.

Thus for exainple, an osteoblast cell-line will be provided by the use of bone
marrow stromal cells; an osteoclast cell-line will be provided by the use of

15 haemapoietically derived osteoclast precursors, a heart cell-line will be
produced by the use of myocardial precursor cells; a kidney cell-line will be

- provided by the use of kidney cell precursor cells; a muscle cell-line will be
provided by the use of muscle precursor cells; a skin cell-line will be

~ provided by the use of epithelial precursor cells; a liver cell-line will be
20  provided by hepatocyte precursor cells; a lung cell-tine will be provided by
lung cell precursor cells; and T & B Lymphocytes will be provided be the

use of lymphocyte stem cells. It can therefore be seen from the afore
examples that the nature of a given cell-line can be determined having regard

to the type of differentiated or precursor cells used in the method of the



in the nmethod of the invention provides for an imortalised human cell-1ine
that retains the functional characteristics associated with the cell 2t9¥f)e

from5 Wro®6/14408 cel | -1ine was derived. W have theref or e, POHGHAHY
been able to provi de human cell-lines for use as in vitro cel
nodel s. Qur cell-lines are i mortal and reliable. In a
. preferred enbodi mrent of the invention i rtalisation is achieved by
“using conventional transfection techniques and preferably the imortalising
- 10 agent is an immortalising gene that is an oncogene, nore preferably
~still, the ﬂ“mmﬁﬂﬂnnnrtaI|5|ng agent is a viral oncogene which can be
stably integrated into ~the host cell genone. | deal |y, the

i Mmortalisation agent is a construct, preferably a retroviral

construct, i g haie Quitishiyl g8t Wit ¢he 056 ODRNGITIRNRRA oF prectrsttrdetled or
15 a hurraglw%lerl ved oncoggne Any known oncogene nmay be gged such as nyc,

ras, src, etgnthe method of\thecinventior iprovidesfor an immdrtalised humanc¢¢lbtine d

usi ng phy5| cal or cheni cal means, For exanpl rtal.isation may be
ef fected by thas wmgsshﬁﬂﬂmqﬂal charactwnpamqmﬁgdvﬂ%%ncaﬁ ¥PGATR ar e

known tq pro L,visionwell ,2 eyond .t-he nor

encount ér gd \%&E&‘&E seil-line was deriy gde SNFMQ erefore, %’c@?@%&%ﬁ%m cal
nmeans. § t {iQ 2 t4rel
means i s resss%%%ww“-‘ﬁ%ﬁéﬂ 838t iro ol HIOUER! O IS e,
pH or ionic ¢pRssEdlraid liable. WD 96/ 14400
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yet a further preferred enbodi nent of the invention the immrtalising

agent " °*Ing profemed earhodimeat of the imeniion. TRRGREIRaHOTL IS BGBRYCRY ( he
f g%;?;t LTF 2”?\@% gqq/vegrrrx%ngf) HRhdeRGion Echiils' hd ﬁre?éragiyeﬂx‘ae%ﬂ%rtﬁﬂﬁﬂgas a
10 agent is an immortalising gene that is an oncogene, more preferably still, the
immortalising agent is a viral oncogene which can be stably integrated into
the host cell genome. |

Ideally, the immortalisation agent is a construct, preferably a retroviral
construct, including an oncogene which oncogene may be virally derived or
15 a human derived oncogene. Any known oncogene may be used such as myc,

ras, src, etc.
Alternatively, immortalisation may be effected using physical or chemical

means For example, immortalisation may be effected by exposing said cell

to radiation or chemicals which are known to promote cell division well

20 | beyond the normal level encountered when a cell is not exposed to said
* physical or chemical means.

In a preferred embodiment of the invention the control means is responsive

to environmental conditions such as temperature, pH or ionic concentrations.



5 oncogene. Alternatively, the imortalisation agent and the control
nmeans nmay - . be two independent entities but in either case, ideall
‘activati on/WON6MA#4P8t | on of the control neans has i deal P?T'&;FHF'P%Sex
effect such, as in one enbodi nent, a reciprocal effect on the
imortalisation agent. For exanple, when the control neans is
activated the inmortalisation agent is deactivated. 10 Conversely, when
the control neans is deactivated the imortlisation agent [

i ronment aft 95hh B Preftied SnARERF of QMG HERRGH Wnd deftihdlidng

D

. tion, t . : : it s trol
i nvention thggeﬂ:mré&wgi%n@mmngra&&mﬁw&%s& R6é i Sgiét‘ggéi@” ro

i's represented by a tenp€rature sensitive swtc at at
about, aboveisoitselScontréidbley THusrthe igimentalisationr agent antlithe icontrol aiéans ng
agent is activated so as to imortalise the selected cell type, but

at, about, omayhensmprsedopexample, a singleentityisuch s a temperature isansitiyent i s
deactivated and in this instance . Jmoortalisat itﬁn ter(g{lqr{at es and

i ffer eft i at PRFPEDeAltEmAtvely, She immprialisgiion agent and the copsrelmegns may
honobgenous .1 f sOf ¢ i : 20, .ably the
I mortalisi gggg‘ggﬁgﬁgg"q‘tdﬁ@?éﬁ%&‘g‘nﬁ éég{r%r%édﬁhl S g%@%%%cﬁ(ﬁﬁ@ﬁ t hat
is to say thgf e édntisifearss wr@n?ch directreffect isueh & i oRé embodimet, Non
perm ssive, that is to say the viral gene is expressed in an inactive form
at 394 aecipréral heffeat adrk the immortalisationuagenty. t Fos eagmple,awhen the

tenperature sensitive for . differentiatjon. 25 . Uniquely, our
cel I's, when ¢onireli sneans isativated the,immastalisation, agentads (deactivatedqg; ¢ he

non Dergl S ¥l IR, Wt tnE Wbnl Hhokl if Bblfvafect B Yok RAHB R dgors

PCT/ GB95/ 025§1activ . Ideally control can be achieved having regard to Rulture or
| owe olr ce

typically fo y apoptosis. In surviving crisi I's were
i mor t al i sedenviforiinéntal eonditions ) dof ertmple, ¢h thenprefentedsethbodiment dfehé o t he
use . of the undifferentiated or precursor. cell in the nethod of the

i nvention. invention, the immenalising agenvisdemperature seusitijveland theecoriteoliion of

said cells “thus rrielsn'eesse.nted by a temperature sensitive switch so that at about, above or

15 = below a first given temperature the immortalising agent is activated so as to
immortalise the selected cell ijpe, but 'at, about, or above a second
temperature the immortalising agent is deactivated and in this instance
immorialisation terminates and differentiation is allowed to proceed in order
to provide a homogenous populauon of cells of a given cell type.

20 Preferably the immortalising agent is the SV40 T antigen which is permissive,
that is to-say the viral gene is expressed in an active form, at 33°C and non
permissive, that is to say the viral gene is expressed in an inactive form at
39‘;C thus cells immortalised using this agent are temperature sensitive for

differentiation.

25 . Uniquely, our cells, when transformed using SV40 T antigen differentiated

at the non permissive temperature and survived crisis-a condition which is



5 culturing said cells in the presence of a differentiating agent for
exanple to produce osteoblasts, said differentiating agent is

Vitam n D ewolos/iyabpal |y in the “presence of Vitam n K PCT/GB95/025%1 an
alternative preferred enbodi ment allowing differentiation of said cells
conprises culturing said cells in the presence of a differentiatng agent
for 10 exanpl e to produce osteobl ast sniai d differentiating agent is
dexamet hasone. In a preferred endodi ment allow ng differentiation
of said cells conprises ulturing s[gld cel|s in, the presence of a
differentiat .tmgxcgﬁznfol#@weéxhbfplaeomsm BHOGHHIE LAISKD cQUle £OUS g VETC

In yet o f or iRERoRARed: W Wfioke Ml Spactf ST R Bibhatieuion it A Bhe nes 7T e

al so i nclude %gﬁi Fot! récirsdr Q1B fHe ARt b g%&hﬁe%bﬂg or
destruction of sai I ne. Is safety feature 1s of advantage where
t he cell-line is to be used for the purpose of transplantation or is

ot herw se, whether it be permanent|ly or tenporally, attached to, or

adni ni st er ed In;g pefeged embodiment; aljJowing dﬁferbmon of rsaids aells gomprises e
allows the cell-ljne ¢ sel ectivel y.di sabl.ed, and,by this we nean
render ed harrﬁ“i%%m @&ﬁswéhepr nce of a differentiating agent for e €M ne is
t hought |i kel ﬂwgﬁﬁ

t umouri geni c ﬁ‘ﬂ&\gﬁg&egi? | s’%ugﬁfﬂ?o e gggglrlﬁ/ﬁaylmrb QF%’?X;P‘?@@

i ndi vi dual . presence of Vieain 1400
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Preferably the safety feature conprises a gene whose products acts either

directly or in-di rectl to di sarmor destroy the cell-1inpe, For exa | e,
t-he - gdn aﬁloe\géscshff@remmf such

Eiaﬁﬁ{e of ex!?ri%'sew@t@”t 'V%@ﬁeiﬂﬁﬁw SHCCRE A it Rt X'Ca‘)?é’ﬁ%??d e
/ TH) ol
i Intmcj)lsgy ot 02<| c I er a?%gaﬁeaﬁhg@Anomﬁé%%?qggﬁa gene chﬂgz

be used as a safety feature is the

In a preferred embodiment allowing differentiation of said cells compﬁs&s
culturing said cells in the presence of a differentiating agent for example to
produce adipocytes, said differentiating agent is rabbit serum or an extract
thereof. | |

15  In yet a further preferred embodiment of the invention said human cell-line
also includes a safety feature which allows for selective disabling or
destruction of said cell-line. This safety feature is of advantage where the
cell-line is to be used for the purpose of transplantation or is otherwise,

. whiether it be permanently or temporally, attached to, or administered to, or

20 stored in, an individual. The safety feature allows the cell-line to be
selectively disabled, and by this we mean rendered harmiess, or destroyed, in

S Mces where the cell-line is thought likely to, or.is shown to, have the
potential to become tumourigenic in vivo, or is thought to be in anyway
harmful to an individual.



cytosi ne deam nase (CD) gene. The product of this gene renders cells
vul nerable to the effects of 5-fluorocytosine and results in cell death. 10
In a prefem@ds/tddbdi nent of the invention the safety featur cPEHCBRYI28L(

in conjunction with the imortalising oncogene. This arrangenent is
preferred because it nmeans that the inmortalisng gene is unlikely to
be expressed in t he absence of th safety feature and vi sa versa.

~Qur co-pendi ng patent 15 application ‘G 94 22236.1 teaches how a vector
.can be prodyc i C ' rovi des f.or co-expression qf the safet

Feat ure whi Breicetly e safem.frabe, Comptists &ngend wike Tofies g gty

:I'n one prefglL (' Fag=TeY s | | e 3af:aty e S
pl aced dovvngp‘;e _et{)gﬂt lggﬁ&%(fr)ta I Sl %%ggge%@ %%gﬁﬁ 'eaﬁﬁﬁa@ﬂto ut 3
20 to, fgenemapltR asgdie) whith if ther presende) o€ deilain iageasnfichess ifur Site

seqguence (I'RES). This arrangenent ensures that the pronoter/enhancer
el ement s( s) example antirvirall agemts,tproducesaceytotoxio produtte Oneoexathplei of)

E?sz-gfB%S&%’aéﬂwg%&a&%ﬂmwﬁqoﬁa“% thseiine dnape ﬁﬁ%g&iﬁi S may
oncogene andone S¥id efbhs biksEHBR GpEPu iR ifth Srolehlc ifiERpbdinied; o°

above exanp ;
aDove ox Ozg‘glfﬂ'ilﬁ“éfhﬂiﬁle of a gene WHItIPROUHF'BE used as a safety feature is the

construed i pytosimes deamindsec (CD) ngére. t HEhe gurpduct of r this gehe nrepdensi delts by t he
appl-i cati on. According to a further aspect of the invention there
i s provi dedvalnesabledoitbe effects of S-fugrasytesine andiresultsbbeelt death. | s

conpri ﬁi ng exposing the Human Cell-lines 5 i n accordance with the

i nventPon to a differentiati ng agent. Preferably said

differenti ajy DgyafipRid éribskitrAdntofthe thVeRtion the'sdfefy Riatie"ls SxPlessed in
conjunction with the immortalising oncogene. This arrangement is preferred
because it means that the immortalising gene is unlikely to be expressed in
the absence of the safety feature and visa versa. Our co-pending patent
15 application GB 94 22236.1 teaches how a vector can be produced which
provides for co-expression of the safety feature which could be linked with

the immortalising oncogene. -

In one preferred embodiment'o'f the invention the safety feature gene is
placed downstream of the immortalising oncdgene and ideally next to but 3

20  to, for example, a poliovirus derived internal ribosomal entry site sequence
(IRES). This arrangement ensures that the promoter/enhancer elements(s)
con_ti'o_lling the transcription of the immortalising oncogene, equally, control
the transcription of the safety feature.

It will be apparent to those skilled in the art that other. arrangements niay be
25 provided in order to enable co-expression of the immortalising oncogene and
the safety feature and it is not intended that-the above example should be



Vitam n K Preferably said differentiating agent is dexanethasone.
According t her aspect of the invention there is provi d
for 10 tﬁ&ogpégﬁ@tion of adi pocytes from Human Cel |l -1i nes igegﬁé%r %ﬁge
‘Wth the i nvention conprising using a differentiating agent.
Preferably said differentiating agent is rabbit serumor an extract

t her eof . According to a yet furifher aspect of the invention there
is provided a nethod for identifying an agent responsible for

stinmul ating digdaienti aithsiioh Wiichdumfts the scopél o Prietfioh %%HQ%' the
conprising exposing sai'd Human Cell-line in accordance wth the
I nventi on toapplichtiopent and observing any characteristics - of the
di fferentiated phenotype. Preferably said agent is produced by
extraction fromrabbit serumusing a separation techni que, for

XDl € " WeoBRRk T i B S 0 verbic! e Roprovidli ¥kl kS ¢

PCT/ GB95/ 025 . ' kL ' i on
there is pr o@fed%r(?dtuﬁtemlﬁs?g 0 l&%u%%é@ggwg%%g%%g%s from
either g cel by hiddanéewittedle/inveREOR to a differenfis@ng agedr: | i ne, or at | east
one precursor cell, preferably. a bone marrow precursor cell. 5
According to a further aspect of the invention there is provided a

conposition whi ch_cont ains an agent_which affects, a differentiation
process. PrePrafembly said dlgfoes@imw%w fitamin.Dy,id inythecpresence of

conposi tion. Vitamin K

Preferably said differentiating agent is dexamethasone.

According to a further aspect of the invention there is provided a method for
10 . the production of adipocytes from Human Cell-lines in accordance with the
invention comprising using a-differentiating agent. -

Preferably said differentiating agent is rabbit serum or an extract thereof.

According to a yet further aspect bf the invention there is provided a method
for idéntifying an agent responsible for stimulating differentiation to produce

- 15 adipocytes the method comprising exposing said Human Cell-line in
accordance with the invention to said agent and observing any characteristics
of the differentiated phenotype.

- Preferably said agent is produced by extraction from rabbit serum using a

separation technique, for example, ionic separation, chromatography, protein

20 precipitation etc.



Preferably said agent stinulates the process of differentiation.
Alternativelg sai.d agent blocks or prevents differentiation, VH&%%
differenti YO8¢1448Q | ts in the provi si on of adi pocytes. PCTA %‘ne
marrows of osteoporotic patients often contain fatty tissue which

often referred to as fatty marrows. This observation, along with our

recognition that the sane human bone manqow stronal cel I's can derive both
adi pocytes and osteobl asts allows us to propose that osteoporosis may be a

15 conse rﬁﬂ{h& ' 0@1,,
differenti a?dl‘l%%ﬁ' “Ps L eo ?astﬁﬁeﬁgggceméﬁ%tnfsf vour Otheagslepgt‘;yt e
formation. TaBbit3eAMTRSIpR6duce adlpo@yteslfﬁtﬁﬂ cithiet a dellelind, preferablyes bone ect i on

to the man skilled in the art to | ook at this differentiation
process for masropr celi-dinen oofat Jaastnene: precyusoracelhi preferably adgnebmarnow
controlling it. For anpl e: - separation agents fromthe separation 20
(ionical |y, POPEWESOL (R e’i'r native chromat ography, protein precipitation and
separation etc.) of normal rabbit serumcan be used to determ ne the agent

or agents inducing differentiation to the adi pocyte |ineage, These
agents gan l2!&‘:‘ccor i td)a?ﬂﬂ}m EQUTRE itvehtion!thérds 'gféﬁﬂe& adioMposition
transduct I on pat nvol ve n the differe ation process; and
t he subsequ Wmcﬂeuﬁmnsmm agent agltich affects hf differentiation pro\t&s9 6Pﬂefdﬁbly

PCT/ GB95/ 02591 this
pat hway. | t said compesifion is-a pharmaceutical sempesitioly al so Iead to the
identification of agents for controlling obesity. According to a

further aspect of the invention there is prOV|ded cells or cell-

| ines produgsdel. %Eﬁmgs ffé{eh ion. Accordingly
5 there i's pf pr oV déﬁa%%gﬁe hci?r%éé]ﬁl genous popu aﬁ?‘i@ﬁﬁof I rmortalised

human cells provided vmth nmeans to termnate imortalisation such
that a honogenous popul ation of differentiated human cells is
provi ded. Alternatively said agent blocks or prevents differentiation, which

10 differentiation results in the provision of adipocytes.

The bone marrows of osteoporotic patients often contain fatty tissue which

is often referred to as fatty marrows. This observation, along with our
recognition that the same human bone marrow stromal cells can derive both
adipocytes and osteoblasts allows us to propose that osteoporosis may be a

15 consequehce of pemxrbanons in bone marrow stromal cell differentiation to
the o'steoblast lineage, in favour of adipocyte formation. The information
provided here, therefore, gives direction to the man skilled in the art to look

at this differentiation process for the provision of pharmaceutical agents

_ capa'ble-of controlling it. For example:- separation agents from the separation

20 (ioﬂica]ly, HPLC, alternative chromatography, protein precipitation and
separation etc.) of normal rabbit serum can be used to determine the agent or

agents inducing differentiation to the adipocyte lineage, These agents can be

used to recognise the intracellular signal transduction pathway involved in the
differentiation procmsé; and the subsequent development of agents to effect



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

i mmature, ypdi ff@hgntiat ed or precursor cells to produce ternpédpchysno28o1.
di fferenti Y 23Ok n cell-lines that express tissue-specific functions.

The invention will now be described by way of exanple only with reference
to a human bone cell-line and with reference to the follow ng figures
wher ei n. Figure 1 shows the effgts of tenperature and

Dexanet hasone (5x10[err]) on al kal i ne phosphatase activity on human

bone nmarrow st ONR is TAfdrénationh ke lehd aot theof
S‘%O@;ﬁ% R i efiVisAged tH&t this May

tenperature thasone on MRNA expression in an imortalised
cl one of huimdentifivationrofcagesits fomconteslling obesity. Figure 2 shows staining
of- an untreated immortalised human bone narrow stromal cell clone at
33[err] C -xl00. Figure 3 shows staining of an inmmortalised human

bone Il 1 oW ot Qg i6la fubther asphetfy b ibGion ek @pRAdd beiiesPaL hasone
PCT/ GB95/ 0259, - . : . invention . :
Figure 4 shoﬁ'eg Pé?dn“ﬁ‘?& %fac g%rqapnc*r%rv{l gf Fl%eeﬁle uon%gf on%wﬁ%trl?%wkgtc ?f)dlrr%%lycel I

cl one agsd M Hedte RO BEviddat IWast o homiogbnous pepulatian b6 immidrtdlised hAnfan
Figure 5 shows staining of an imortalised human marrgow stromal cell clone
with Dex 5 xcell§ eprovided withermgams to Serminateyimemertalisation, sushathatwi@ ch
shows the ef} eCtosgegI)ug %EJIpO tion of cliﬁ%esre%at%émpuman cells is provided.

According to a yet further aspect of the invention there is provided use of
immature, undifferentiated or precursor cells to produce terminally
10 differentiated human cell-lines that express tissue-specific functions.

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

to a human bone cell-line and with reference to the following figures wherein.

Figure 1 shows the effects of temperature and Dexamethasone (5x-10"’M) on
alkaline phosphatase activity on human bone marrow stromal clone 7 cells.

15 Table 1 shows the effects of temperature and Dexamethasone on mRNA
expression in an immortalised clone of human bone marrow stromal cells.

Figure 2 shows staining of an untreated immortalised human bone marrow
stromal cell clone at 33°C -x100.

Figure.3 shows staining of an immortalised human bone marrow stromal cell
20 clone at 39°C treated with dexamethasone 5 x 10”M at 39°C.



| evel s of clone 7 cells. Cells were penetrated with 1nMIBMX for 5
m nutes, and then treated wth the appropriate dose of agonist for 20
minutes. WO9/14M0pP | evel s were quantitated using an E I.A , PGRHEBIHE21

anounts of cAMP for each treatnent was conpared with the control
(1 BMX only) and expressed 10 as a percentage. Figure 7 is a bar
chart which shows the Osteocal cin synthesis3of clone 7 cells over a

4 day period. Cells were treated with various concentrations of

1, 25( CH) 2D3 i n Rijgrend SOWS Staifing iof all ifnrioftalisell Maman bbae mBdbw stfsmilh @

renoved and the anount's of osteocal cin neasured using an R.1. A and 15
ost eocal ci n | exciéne and mixed population witheanshwithoup ®ex1 500007 as39°C.
Figures 8, 9, 10 & 11 are photographs which depict G| -red-0O staining of
t he i mortalised bone marrow stromal cell-line, clone 7. Figures 8

and 9 show . C S . LT with 10% rabbit ser at 39C
X100 Figgd oy bifinids (R 4R g ARR0 Hichah fiaeiehd S8oinal SEl B, o
wi th 10% r abbi tg.: r}] C at x200 nmagnification. Figure 11
shows cells af E“gr&Q?eétgg{ Wﬁa&ﬁ?&t ment with 10% foetal bovine serum at
39[err]C at x100 magni fi cati on. Figure 12 is a bar chart show ng
the effects of Dexanmethasone on al kal i ne phosphat ase activity in

t hree i mvdrt al iIRigurefuisambanchart which shows the effects[ofr vdrious agonists o8/cAMID
PCT/ GB95/ 02591

: 13 d .
Fi gur e 13 showdevels ofcloner 7 callss r &alls mexe penstiated 7”‘.&%\}5@% @M&’g?ﬁson
f ' ' . Fi .
o ¢ oohe Ptes, R iR trbhetd Wl he ampropristt dbéE e beoiP G 20 minutes,
precursor | MoifPAedeldiwete qtiRftA¢d 1Sng IHE T/ A'S at 4R amounts S CANEP for
each treatment was __compared with the control (IBMX only) and expressed

10 as. a percentage.

Figure 7 is a bar chart which shows the Osteocalcin synthesis of clone 7 cells

over a 4 day period. Cells were treated w1th various concentrations of

1,25 (OH),D3 in the presence of vitamin K for 4 days. The media was then

removed and the amounts of osteocalcin measured using an RI.A. and
15  osteocalcin levels normalised to ng osteocalcin per 10000 cells.

Figures 8, 9, 10 & 11 are photographs which depict Oil-red-O staining of the
immortalised bone marrm.w stromal cell-line, clone 7. Figures 8 and 9 show
cells after 3 days treatment with 10% rabbit serum at 39°C at x100
magnification. Figure 10 shows cells after 3 days treatment with 10% rabbit |
iO ‘serum at 39°C at x200 magnification'. Figure 11 shows cells after 3 days
treatment with 10% foetal bovine serum at 39°C at x100 magnification.
Figure 12 is a bar chart showing the effects of Dexamethasone on alkaline
phosphatase activity in three immortalised human foetal cell clones at 39°C

SUBSTITUTE SHEET (RULE 26)
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| mort al | saWi06/14400Bone Marrow Stronal Cel | s Human t r RETGBIS/OREM e
was i mersed in medium conprisihng EVMEM + 10% foetal calf serum plus
L-glutam ne, plus |Ix penicillin/streptegsgcin (all from Si gma

Chem cal s) and agitated to rel ease the bone marrow cell population. 5
After 24 hoursford daysble the stromal cell population to adhere to the

ti ssue culture flask (Costar, UK Ltd) surface, the nmedi um was

repl eni shed to renove the non-adherent cell populati on The adher ent
cell populatio r

mut ant of the El%?f@nm\ﬁhrol}rgs égﬂ&ﬁ@ﬁéﬁ%ﬁo\%g‘ﬂlﬁ]rge %%ng’l éget%ﬁ%tgl ng
retroviral tragngépiﬁoxﬁﬂmegt 800@ntl id Gengthnet hod of transfectl on of this
sequence (along with™'inkage to an approprlate pronoter to drive its
expression eg LTR pronoter) would suffice, such as cal ci um phosphat e

DNA precipitation, electroporation _or mcro-injection, but
retroviral trakigre: 14shass tmeumehissechemsicsl apalysis 9fcﬁell§s1@ a culture of a

Cul turing _of the Ilmortalised Oells in to. prooduce a eno
Popul ati o of cortic P 5{?&??‘6@65 %‘E?(ﬁ g&%ﬁal

particles corrpé,k1 Eg&cﬁ hi s const ruct and a resistance mar ker to
geneti cin, ? y donated by Dr M O Hare, Institute of Cancer
Research, Royal Marsden Hospital, Lincoln's Inn, Sutton, Surrey and
al so Professor P. Gallinore, The University of 20 Bi rm ngham UK) was
added to the medi umtogether with pol ybrene (Sigma Chem cals) to a
final concentration of 0.8ng/m . The viral titre was adjusted to

give a |l ow transduction efficiency of 0.0002% produci ng an average of 20
immortalised cell colonies per flask, each colony derived froma single
cell. Two hours after virus addition, the culture medi um was
replaced with fresh 25 medi um Cultures were maintained at 33[err]C, the
perm ssive tenperature for

SUBSTITUTE SHEET (RULE 26)
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active fow09¥144phe SV40-T oncogene product. Five days aftei;("rlc;]’%’02591
transduction, geneticin was added to the nedium (0.4 ng/m ) for a further
10 days to eradicate cells which had not incorporated the retroviral
vect or. 5 Differentiation of said I'ls Bet ween 14-20 days
after transduction, individual colonies of replicating cells wer e

i dentifiable. J the ba ,L of being well separated
from ot her mmortagsation ol bonc, LVaTOW MO gach col ony nunbering between
100- 1000 c€lls. These were picked by ring cloning and expanded up to near
10 confluence in 75cnm2 flasks (Costar, UK Ltd) which equated to

appr oxi Mt e}fyman trabeciila Gone S imfreesedainsinedivm celmprising EMEM fr H8%i ng
stocks down in aliquots. W have been grow ng sanples of cells
gener at ed i foetali calf'seruim plus Laglutdmineyplus 1x penic toroyeinall fiome sone

cl ones whi cg' havg: und_ergone nogriteaét ?tgéglgﬁ-ﬁ%giq Bﬁg%\/i Si onsceﬁléo er.r 'ﬂ\%el I's).
Sanpl es wer J1gMY angdca AW ne t hat
t hey pgssessed abi | Lt hf f i | nat.ur :

ost eobgast -mé%?f‘?‘éf.s’ b%ﬁgﬁaﬁmfﬁﬁé@f‘e %yﬁé%%g‘.’ rt%e euecel | s

to the a?‘flﬁlg@gﬂsﬁee(m-m Titdy i supfalc) e ahediant 394¢ replehished ®©

differenti gent such as dexanet hasone or Vitamn Dierr].
Provi si on ofephiovéthecroh-adherenticell population.s Ihecadherent ealhpopulation evasaf et y
20 feature Anot her preferred enbodi nent of .the invention is the

pr epar at i onthen transfected owitheh tesnpersbpel SenSUS Butay,| ofsthg\simian BHUS

the cel I's ¢ démued tEs femeny (T) antiger Buis sytigViel Hrausuchen, "t Sl b °°

Thto d FonRetid 8f fialisteRuSich ifs schene (aIGE Wil finkfe & A appropiaie O
promoter to drive its expression eg LTR promoter) would suffice, such as
calcium phosphate DNA precipitation, electroporation or micro-injection, but
retroviral transduction was chosen for its simplicity of use.

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

In short, amphotropically packaged retroviral particles comprising this
construct and a resistance marker to geneticin, G418 (kindly donated by Dr

M. O'Hare, Institute of Cancer Research, Royal Marsden Hospital, Lincoln’s

Inn, Sutton, Surrey and also Professor P. Gallimore, The University of

20 Birfninéham, UK) was added to the medium together with polybrene (Sigma
Ch.emicals) to a final concentration of 0.8mg/ml. The viral titre was adjusted

"to give a low transduction efficiency of 0.0002% producing an average of 20
im;:nortalised cell colonies per flask, each colony derived from a single cell.

wa hours after virus addition, the culture medium was replaced with fresh

25  medium. Cultures were maintained at 33°C, the permissive temperature for
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neurodegeﬁ@%ﬁqw di sorders, osteoporosis or osteoarthritis, ({?me%%zsn% e.
The safety feature would allow the transplant to be selectively destroyed

in, for instance, situations where the transplanted material may
becone tunourigenic in-vivo. Wayi in which this could be done are
nunerous and 5 wel | known to the man skilled in the art. For exanple,
the additi ofhedfactil€ form of healSV4DLT Enedgénd epoduvt K) Fiededaysdiftert he
control of an appropri-ate pronoter, to the ts-SV40-T transduced

cel I s woul dtransduction} gersticin svasragdded ng the mediufi@@ mhg/mi)ufod afustheb 0
expressing the vTK gene. This gene avidly converts . prescri bed
anti-viral daysgte ate colls wwhich had not ineprposated the setsovigalovestor: 10

i ntermedi ates which kill the cell in which it is expressed. Such a suicide

gene woul d be a particul ar advantage for graft eradication if necessary.
Anot helz exapqi . rbfasam)b | ar .safety switch is the cytosine deani nase
(CD) géne. : beconme sensitive to 5-fluorocytosine and
die inits presence whereas cells not expressing the CD gene remain 15

unaffected. The preferred invention s.hou[d'n.ot be seen as limted to vIK
and Betweembkt20idays after transductionk indiyidaigl coloniesiof seplidatingicellshe art

could easily . .Jeplagce these with alterpatives._, . Anot her
aspect of tm;@sﬂagﬁe-i&f@ﬂsmﬁtemi@t@iynaﬂgéﬁwaM%¢m§ |
into the cekls tgo ser a i ectl nent to have
20 ' the oP yihed Snifeatihlootpll. 1 SRR (AR RHRT ARl hetuBEn, 7oy
oncogene. Thi I e Ivbdte ' | %ﬁ aRipt t he

i mortalisi Egg.gl‘((a'ﬁlg c?él?.un | kel'y t?i%%ed;?(%?g{g‘ggnlﬁ% ?{hde ahsence ofOtrEé\Hg
negatitge  confluenekdn 75om2fldsksy(CostarAUKshtd)rwhich equated te approximatelyki | | ed
in the art of vector construction would be quite capabl e of_ making

such a cons22livisions fromassingle;geldl, prign e freezing stoelsdown im aliguotsuWet her

patent appl have Ons’groGu?mggllsa%%p &S of cells generated in this way in culture for well

-over a year and have some clones which have undergone more than 60
divisions (10'® cells). Samples were also used for cell characterisation and

15 to determine that they possessed the ability to differentiate into mature
osteoblast-like cells. Differentiation was effected by exposing the cells to the
oncogene’s non-permissive temperature (39°C) and a differentiating agent
such as dexamethasone or Vitamin D,.

- Provision of 11-1i includi lectively controllable safe:
20 feature

Another preferred embodiment of the invention is the preparation of
homogeneous populations of cells by retroviral transduction, but also
incorporating a safety feature which enables the cells to be selectively
destroyed if needs be. This woddkg;—s;en as an advantage when such cells
25 are used for transplantation into patients to alleviate the symptoms of e.g.
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this respedVO9/34408y anpl e, the negative sel ection gene (e.g. %E?%#”ﬁ@%?i
coul d be placed downstream of the imortalising gene and next to but 3" to
e.g. a poliovirus derived internal ribosomal entry site sequence (IRES). In
this way the same pronoter/enhancer elengnt(s) controlling the
transcription 5 of the immrtalising gene would, equally, control the

transcription . : y : L Sal 0 uld be
transcri bed 88‘9‘3’9%2@%%%? gﬁﬁ Elglts, o%‘?ﬁ?? | ﬁcﬁ]ﬁﬁ%@%ﬁ%ﬁéﬁe whi ch
woul d sit in between them The RES sequence allows the translation
of sequences downstream of it which code for a separate protein from
t he sequenceThe safety tfeatiine wahild iallpw theptransplant 10 be seleatively destrayed imce
given the idea, is well within the range of expertise of the man
skilled in tfer dnstance, situations ,wheseethe ﬂ@“&ﬁi@ﬂedumaﬂalm%}ﬁabw@ﬁ stics
of the human,_bone.nmar.raw .

l, || Ch ' ' f
cl ones that  WESRIHERTE dfve JYaRy Y hicH Biin Squld,be doge %€ RfifeRovs B0d e
g7 OWn 1 g1 OVGletPigkRgh 1bhe Uk SRIIGIP SOME. AR cxabIE Sk Sddition of b2 1
ur ed of an osteo | unaer

the feafures expec ast precursor edge an

stinul ation {pafithyidiiei kinase (RTX)Pgene)t tader thee coMesoof Rt Appidistididt ur e
ost eobl ast. D fferentiated bone marrow cells which are responsible
for the prodprimoter,20 the tsS VLT transduced\cellsswouldaneamthat cells expressing ed

I ndi cat or of _ost eaqbl aﬂ actiyi tihqisTﬁ neasure of al kal.i ne

phosphat ase 2¥@07T+ yould,alserbe expressing gene. gne ly fon¥ertsone or

h ' I A ' . i Ul ' R
e mner 2l oRXCBRRN AR enas such s Ao of A, BReERBLAAIE oo
of 33[g6r]C mierédiaRs Which KIP the'eeR 1A Whfthait lis \éxpYes8éd. Such a suicide
gene would be a particular advantage for graft eradication if necessary.

Another example of such a mdlecular safety switch is the cytosine deaminase

(CD) gene. Cells which express CD become sensitive to 5-ﬂuoro¢ytosine and

| die in its presence wheréas cells not exﬁressing the CD gene remain

15  unaffected. The preferred invention should not be seen as limited to vTK and

CD as negative selection markers, as the man skilled in the art could easily
replace these with alternatives. |

Another aspect of the preferred invenﬁon, whereby a safety mechanism is put
into the eells to serve as a negé.tive selection component, would be to have’
20  the saféty component expressed in conjunction with the immortalising
on;:ogene. This would be particularly preferred as it would mean that the
immortalising gene is unlikely to be expressed in the absence of the negative
selection safety mechanism and vice versa. The man skilled in the art of
vector construction would be quite capable of making such a construction and
25  the reader is referred to one of our other patent applications, GB 94 22236.1
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appr oxi mat eO¥/BMNP/ g protei n/ HR. Exposure of these i mmrti%rwaglls

at the perm ssive tenperature of 33[err]C to dexamet hasone -a

differentiation factor- results in only a slight increase in
al kal i ne phosphat ase activity ie to 17 approxinately 0.5p- NP/ ngy
pr ot ei n/ HR. In contrast, the sane Imortalised cells at a non

8? ?”eii'mv.eai ?mﬁ&é%ﬁﬁgeh o cranmplss e ekt b B F2g R v
Pngfgagtegs?o apprOX| natégjwdlsl% ny pWPﬁ hj‘ﬁigﬁg‘hteorle) to:ra'emseem

that at the rQg mpbﬁbﬁmwelemeﬂanmﬂenbbs&ﬂﬂeenﬂ-y siteistquermet IRES)N Inakes
place and 10 thus enzyme activity characteristic of the differentiated
cel | type i ndhisawaythe same prompterfenbancerelement(s)caniralling the tragsdriptiobser ved

when i rmort al d bone . marr ow,Stro cells.a e cultured at e non
bor i ssive téﬂi@s ng @oul equallyy santsa) oo, it

dexanet hason
al kal i ne phosp E ase ac ?Hs;{sl ncreases to appromwaggﬁg%%@ﬂ%NP/m

protei n/ HR 6 inclutitig thd IRESMeuefied Whiclp would it ird Betwdenctheh! The
cell s exposed to the ditferentiating agent dexanet hasone at the perm.ssive

t enper at ue ofIREY sequefice allows the trimslation of sbquences alowastrieam ofritr whichsed i n
accordance with the net hod of the i nvention can_be sel ecti vel made

to differenti%de fox aﬁﬁ%l’fﬁ?ﬁ ﬁ'@ﬂ\/@eﬁqueﬂ@rr%é?fdﬁu ﬂ'&e@bﬂmt@rprpu nd

differeptiation, resu in the f tiQn C, avi fupcti onal
char act B} | ot (S06h B Erdry onle BN B s, .l ¥ityniihr gpngg ot Etpettlse of the
differenti at Ixﬂﬁ Rifledt e production of ost eobI asts.

Summarily, at g on(k:lolgleﬂrlllee derhnon permni ssive tenperature (39[err]C), and, in
the presence of differentiating agents such as dexanetasone or

Vitam n D3, they 25 substant [ aI I y up regul ate their al kaI I ne phosphat ase
activity (fi fun j ohare f h

PCT/ GB95/ 02591
mr_li&lb

—D

Characterisation of clones that we have produced using this method, and

15 which have been grown for over a year in culture, has shown that the celis
retain the features expected of an osteoblast precursor lineage and under
stimulation to ciifferentiate, they potentiate the phenotype of the mature
osteoblast. |

Differentiated bone marrow cells which are responsible for the production

20 of bone are known as osteoblasts. A recognised indicator of osteoblast
activity is a measure of alkaline phosphatase activity - an enzyme active in
the production of bone or the minerals hydroxyapatites.

In Figure 1 it can be seen that immortalised bone marrow stromal cells at the
permissive temperature of 33°C exhibit an alkaline phosphatase activity of



19 _ The data in Table 1 simlarly shows that bone marrow stromal
cells ~imortalised in accordance with the nethod of the invention
can be nadewio»érig400 differentiate into functional osteobl asPEI/GBYS02RD| e
shows MRNA expression in an imortalised clone of human bone nmarrow
stromal cells. Investigations 5 were undertaken in order to identify
agents typically characteristic of an I mortalised condition. These
agents are shown on the far | eft hand sige of Table 1. At the

thanaZISI \C/gI Itgpnger at uri 3@8’&‘5] C_ i omm a.*iﬁsed hug@l bone _ ’ i row
4. Th f
10 agent °é&§&§é%’%f%?*%§&*§n@= 2ot %‘Sﬁfﬁﬁ%&@@?@%ﬁ% ki @é&ﬁéﬂk?n

<-<

1 Al pha factéf Gesiiltsein ontyl 4 sligiReinercane ifdlian t? ieltbght

I ncrease in TNF al pha expression. contrast t he non
perm ssi ve t appraximately G5 P/mg] motdin/BRwas a nar ked di fference in
the pattern of agent nRNA expression. As before, there was 15 no

expr essi on of interleukin 3 or interleukin 4. However, in addition, there

:Aﬁtsealz O if)l(ﬁg{l S0 eg;q&é%gﬂoremo%aéggﬁ essed |nterl egkl n 1l aI p?a

i nterleukin I ﬁ;mg
t he nggggﬁ%qgéla&g&t&eerlrgﬁr méﬂgP glgigf% ﬂi&v&% asone incr eased
the expressi off dlRaline qfhdsphaaseldcuw? arihdeed,e alleilitien phosphatised wetidity he

expression of collagen 1 t he above 2 patterns of expression,

that is the inqueasestoappioximately 0.9p-NP/img proteindiRc tWOaldjtheNefompcmsu on

of the differentiagted cell, are conpared th the expres

st eobl ast - | THal at etion perpiise terabaans of 5 Gelilerenytation takes biagh 2nd ¢ ne

non- pe SSi

expose to di %‘eggﬁ{a%l ng c?ﬁ%%%gd&ﬁl b.ffé%“r&]’ express?ﬁew al nost
& i

i denti caI toaA i Sthid Wlksobwwheﬂhmbﬁaﬁgb@%ﬂg t hat
}D?:% GB95/ 025&3\3 /stlrgfrg(l) cells are cultured at the non permissive tempegdture of 39°C
- and in addition exposed to dexamethasone - a differentiating agent. Under
these conditions alkaline phosphatase activity increases to approximately 2.5p-
15~ NP/mg protein/HR. This activity is approximately 5 times higher than in
cells exposed to the differentiating agent dexamethasone at the permissive
temperature of 33°C.

This data shows that cells immortalised in accordance with the method of the
invention can be selectively made to differentiate at the non permissive

20  temperature of 39°C and differentiation results in the formation of cells
having functional characteristics akin to that of osteoblasts, in other words
differentiation results in the production of osteoblasts.

Sumalily, at the oncogene's non-pémxissive temperature (39°C), and, in the
presence of differentiating agents such as dexamethasone or Vitamin D,, they
25 substantially up regulate their alkaline phosphatase activity (fig 1).



osteobl ast-Tike cells express interleukin 8 whereas the di fferentiated

human bone narrow stronal cells only express this agentpdfichdifaser
presence oW096/1440Qcy anet hasone. The above data shows %2at

i nnortalised human bone marrow stromal cells 5 can be made to
differentiate at 39[err]C and when nmade to differentiate exhibit a

range of characteristics, by way of protl®i n expression, alnost identical to
that of osteoblast-like cells. This data therefore suggests that the

i mortal i Sedrﬂyflgiia' cfi ITdbl@e] csifnifaelyatowso titit! bene ninasiosv tsirgmald cells

ost eobl ast s. 1 Summarily, our "studies of cytokine and growh factor
expressi on sipgmoithlised in accordance withithe method of theriniventionsan:be made 8 s

| L- 1 al ph d IL-|bet I it h- I .56, -8, GM GSFE.and TNEal pha,
P et bbb e T bl S RN ot
d th . Vitan. ' t .
e o0 bR g i s o, o
o 29% )i il A o Sty Spe iy el

expressi on Ofmmmbrtaliséd ténditions Flse agensyre shose on the fardeftripind sidé of
cytokine/growth factor profile that we have identified in these cells after

treat ment wi Thblei k.f dctheipermissive)tempenaure «aft 33%C impaertalised Jusan bene 20

differentiated human osjeqbl ast-like.cells in primany culture. (Tabl,e 1).

In additi on,mwmatﬁé&mwﬁeﬁﬂ@aﬂ%mﬁf’&ﬂ?#\ﬂ% ﬂﬁ“&?‘i" t at

t he opcqagene’ s - ] ' . ' I

Gl 1 er ent i at Fnd BE e of tiyafiEHebhe ¥ thiS HibErhre vl B SRR dhebh of |
B gl ycggol g{?&iﬂiﬁi vétaherd wis aslight rehrtion!ifdfierleukid1 Alpha and
m nera;ﬂ?se a?%%‘rteg 25 %ZS/S (Fi gures 2,11%19?, 4 and 5).

96/ 14400 and interleukin 1 Beta and GM-CSF expression and a slight increasein @¥B/ 02591

21 Figure 2 shows undifferentiated i nmortalised human bone marrow

stromal alphaeixptessiong3[ err] C. It can be seen that there is no evidence
of m neralisation or S

In cq@, at the non permissive temperature of 39°C there was a marked

difference in the pattern of agent mRNA expression. As before, there was

15 no expression of interleukin 3 or interleukin 4. However, in addition, there
was also no expfession of the previously expressed interleukin 1 alpha, -

interleukin 1 beta, interleukin 8, GM-CSF and TNF alpha. However,

interleukin 6 and collagen 1 are still expressed at this temperature. At the

non permissive temperature of 39° C dexamethasone increased the expression

20  of interleukin 6 and interleukin 8 but reduced the expression of collagen 1.

If the above 2 patterns of expreSsion, that is the expression of the
‘immortalised cell and the ekpr&ssion of the differentiated cell, are compared
with the expression of osteoblast-like cells it can be seen that those cells
grown at the non-permissive temperature of 39°C, that is to say those cells
25  exposed to differentiating conditions, exhibit an expression pattern almost
identical to that of osteoblast-like cells, The only difference being that the



osteocalcin protein in this figure. In contrast, Figure 3 shows

I mortalised human bone marrow.stromal cells 5 when expose Q

di fferenti NQ@AY144B®nts at the oncogene's non-pernissive gc&'&’?ﬁﬂ%f’?hre
of 39[err]C. Mneralisation is clearly evident. This feature

represents the differentiated cell and thus indicate that the imortalised
human bone marrow stromal cell clones ofg he invention can be nmade to
differentiate fully so as to express the mature phenotype. 10 Figure 4

shows agai n )| : iéf??és% tet Ry rd; ; I
cell clone a%%égﬂﬁg‘?'égéﬁgg& a |onqgféi.| mmrg?lihge ctg?ldé ﬁ%?ﬁdt e
presence andpahé embfon stontiletdlts ondy agxptess this agenvdnsden préseince of
relatively little differentiation occurs at 39[err]C in the absence of a
di f f erent i at dexametbasonesowever, in the presence of a differentiating agent
a 15 significant increase in differentiation occurs and thus '

m neralisation is observed. Further, it can be seen that the

phenot ypi ¢ char i £1.1 : “&mga %ﬂ'ﬁ]{) | ' ation
and in the s%@gﬁﬁgﬁo@g% qllngure !'hows_ %%WW% cl one
under asdi T gay bl ingdde'th GiFTEteAtiAEat 39°Candt\ﬂiénhﬁd%tto3ﬁfﬁiédtﬁxé"&ﬂlﬂbﬁht he
presence of the differentiating agent 20 dexanet hasone. The
data i n Fi guaaange of chdractetisticsnbly oedye of pretein expression, admostidenticiluid y
differentiate such that_they express the, phenotﬁoe of a mature qQsteqbl ast.
Fi gure 6 shotiat of : axteoblastilikee celler pihis fata otherefarrasuggests, that the

:DQTT;) [;3815} gggggm' ortalised MIna28 &elffifle can be made to differentiate to, produce
t hen made toogﬂe ntiate in accordance with the invention, pr oduce
differentiated celTs phenotypically simlar to osteoblasts. Figure 6 shows
t he i

and

10 Summarily, our studies of cytokine and growth factor expression show the
cells in the undifferentiated state express IL-1alpha and IL-1beta along with
IL-6, IL-8, GM-CSF and TNFalpha, as well as the matrix protein collagen
type . When treated with dexamethasone or Vitamin D, for a period of up
to 7 days, IL-lalpha, beta expression is lost along with GM-CSF, TNFalpha
15 and collagen type I. In addition IL-6 and IL-8 expression is maintained in
. the presence of both Vitamin D; and dexamethasone. Furthermore, no
exprwsibn of IL-3 or L4 is seen at any stage. Interestingly, the
cytokinefgrowth factor profile that we have identified in these cells after
treatment with differentiating agents reflects the profile we see of

20 differentiated human osteoblast-like cells in primary culture (T able 1.

In. addition, we have found that if the transduced cell clones are left at the
oncogene’s non-permissive temperature in the presence of differentiating
agents eg (Vitamin D; or Dexamethasone) and 10mM of B glycerol

phosphate, the cultures express osteocalcin protein and mineralise after 20
25 days (Figures 2, 3, 4 and 5). '



cyclic-AW response of the differentiated cells to two agoni sts, nanely
prostagl andin E2 (PGE2) and parathyroid hornone (PTH). The da 1 agdl -5
a clear cycWpas/ response to the agonists which is typical k?rr%sﬁﬂgﬁ

response of cells of the osteoblast |ineage. Yet further
evidence that imortalised bone marrow stromal cells after

undergoi ng differentiation form osteobl progenitor cells is denonstrated
by Figure 7. Figure 7 shows the e fect of Vitamin Dierr] in the

o el i scot TINES sipes undiirireRuil ERploRALECA B Rl fofh Fadtioh Sl O

radi oi mMunoaggify al 380! cafise sééncthat there is dd‘e%n@@%ﬁfiﬁﬁle?ihﬁh‘bﬁfﬁrn b3

there is no expression of osteocalcin (see ‘control'), the marker of
ost eobl ast do$teecalcin pratein. in thishfighree cel | differentiating agent
Vitam n D3, however,. induces a dose dependent 15 expressi on of

ost eocal ci n Therefore, it can be seen fromthis data, together

bhosphat ase ThEapERty e shays importalited fufpdf bt oilfal} SRl odlls ™ ' "°

ost eobl ast p{n%ﬁ” fﬂfseﬂ I es

of phot ggraphs & prosﬂldde ewgence Z@eﬂ%}z?tﬁ tgﬁrgncr?#%rtal | se?eos&gg‘gclr ast

precur sor Cetdnspmﬁneuoﬂesrﬂtemw:sanon isc ohetirly aviderttl s OThisf feutaret i at e
to becone adi pocytes. Th| S is inportant since: it underlines the

fact that wempreseyltth differentiated celll and thusiindicate that the dmmertalised

ESPBECK?ZSH |s t l%gt t hat bonﬁ g’ﬁiéﬁ’ w st rﬁﬁ? Hﬁ‘(,alls :I SO |derlve
i 11 er ent ?Zfﬁ%hﬂ%aﬁﬁwﬁ"#ﬁ% FEitess Hid nibpiRCBhHorghe. ! POV! S

PCT/ GB95/ 02591 on
the nature of stinulation. ' Figures 8, 9 and 10 cl earl y shows t hat

rabbi t 18er unFigurea4 shoast again siginingi of an immortalised human bone marrow
stromal cell clone and a mixed population of immortalised cells both in the
presence and absence of dexamethasone at 39°C. It can be seen that
relatively little differentiation occurs at 39°C in the absence of a

differentiating agent. However, in the presence of a differentiating agent a

15  significant increase in differentiation occurs and thus mineralisation is
observed. Further, it can be seen that the phenotypic characteristics are
observed both in the mixed population and in the single clone.

Figure 5 shows staining of a single clone under a differentiating conditions,

that is at 39°C and in the presence of the differentiating agent
20  dexamethasone.

The data in Figures 2, 3, 4 and 5 indicates that cells can be made to fully
differentiate such that they express the phenotype of a mature osteoblast.

Figure 6 shows further evidence that bone marrow stromal cells, immortalised



rabbit serum triggers a differentiation process which produces adi pocyte

cells w%g%}@m;m by the red staining. Figure 11 shows t{ﬁg%ﬂ&&

absence of serum no red staining occurs, indica

adi pocyte formation. This result provi des further evidence that
early precursor cells from bone marrow may have the capacity to
differentiate to produce adi pocyte or ogf2eobl ast cells. The

phot ographs depict O l-red-O staining (a marker of fat cells) of our

i mor tal i sedyp fiferMMddiMe (diffeRintiafd in |dcB8rdanlc® Witk - thEs %ﬂggﬁ'
r abbit serum(but

three 10 days treatnent wth medi um containing norm
not foetal differentimed cells phendtypivallyrgintilanto olteobluses. nRigussv6showsahecel |

popul ati on, Whl ch in the resence of Vitam n D3 and/ or dexanet hasone
commits to RyhictAMP zesponse of thetdiffesentiated wellsaton g, ag@mstspaumly;f

?ﬁ??:gé‘%f T aoeheiadn EXRGE dp qu”deéﬁBé‘i‘ﬁﬁ-i Tbi i inicase™*
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(LPL), of ausrw\meeagthubmﬁﬁéaggpr adi pocytes, can be identified within
a few days of rabbit serum treatnent. Secondl y, type | collagen
expression, a nar ker of the 20 osteogeni c |ineage, disappears after a

few days tr ser um The expreSS| on of LPL

t W|th ormal, rabbit
and the di s?Z?fe cthat dgimegalised bone mapmaw rseramalyeells ater ur t her

cel s that MR E‘J‘g@ﬁmﬂrﬁﬁﬁﬁ%ﬁ@%ﬂ@fﬁ@w“ mensAetbyenui ne
precursor Ceigfird 17. Figfife TRHEWLHR TS BiViaiin 'D, fSthe presenclgc\ﬂ%

96/ 14400 / 02591
24 10  HKgom thd expressionsof:dstedcaleinyiroteih dh vhe imeneitslised Hurhiai befie Of

t hree human bone marrow. stronmal _cell-lines that have been derived

from f oet al IBamew steomal cells as dmpdw radioimsaynoassay(Nichols Ingtitute)oas al

| evel s (control) byt when_ _ . . Stinmulated with dexamet hasone_for 7 days,
two of the t Elz;‘ Eﬁ?ﬁﬂ@ ?f:lmi dﬁd‘qm%ofrﬂﬁml@b sepr ess
al kal i ne phqsphat.ase activity. The poipt.is that ip the absence
“of dexamet haS3RHPL ko kHWiﬁé' pwg 5‘%@@8 differen t!?élqndlty iceelbl e
Thus we hav%iﬁgfen?ﬁ!tﬁrgt %%eﬁpmcﬂg, owg\%rt ifiduces a dose dependent

15 expression of osteocalcin.

Therefore, it can be seen from this data, together with our mineralisation date
(Figures 2 to 5), and also our alkaline phosphatase data (Figure 1), that the
differentiated cells are osteoblast progenitor cells.

Figures 8, 9, 10 & 11 show a series of photographs, and provide evidence
20 . that our immortalised osteoblast precursor cells can, under alternate
conditions, also differentiate to become adipocytes. This is important since:
it underlines the fact that we truly have precursor cells; and it fits with central
dogma, as it is thought, that bone marrow stromal cells:also derive adipocytes
- hence early precursors from the bone marrow may also have the capacity
25 to go down either a bone or an adipocyte differentiation pathway depending



basi s of al kaline phosphatase expression. Both clones 10 and 14 w ||

m neral i segﬁﬁi{“ 4-20 days in culture in the presence of dei,ﬁ;(?@%%? and
; ce 0

10 phos e remai ning clone, clone 2, cannot be indu express
al kal i ne- phosphat ase activity by treatnment with dexanet hasone, nor will it
mneralise in culture. Figure 13 shows a fenur derived froma
human foetus of 7-9 weeks of gestyati on and of approxi mately 600pmin
| engt h. The ferur has been 15 culturéd for a period of 14 days to all ow

t he expansi on replicating.cell popul ati ons whi ch can be seen
strean ng frB%?g‘T' Paﬁ’éﬁiogr%ng'flaﬁﬂ%' femur. This was prior to cell

I mMmortalisation by retroviral tenperatue sensitive oncogene
transduction. The figure therefore shows the nature of the cell population

t hat Figguress 8019 tandpi 0 dlealy showvsothat Febbitesdrui, o2t éast bReidpéanin on.
20 Longevity of the Human Bone Marrow Stronal Cell-line Usi ng
t he net hod otah%ﬁesennuemg'gﬂs adifferentiatiorpprocessywhichprodutdsadiporyté velis)

colls " " asgunem by e o sena: Tigu bLebows fhats Bt he simenceof b
Coll 11 Ro noxiikiFed spinig St nditdgiiho SHFRSYR RimHBon: Ol B e

duci 1 | i
produci n ?02%1?%&3%&&1%1' elifence!that &dify precursor celf® ﬁ@ﬁl%ﬁpmfgow may

conti nues t ohawe theveapaoity o rdiffersntiateete prdduce fadifiscyté o€ ostobldstieell® show
functional characteristics typiccal of the tissue type of the differentiated
cell. Thus we have been able to produce an imortalised hunman

a2 T sl B SR b o b
immortalised bone marrow stromal cell-line, clone 7. This occurs after three

10 days treatment with medium containing normal rabbit serum (but not foetal

bovine serum) showing that the bone marrow stromal cell population, which

in the presence of Vltamm D; and/or dexamethasone commits to an osteoblast

differentiation pathway, is capable of becoming an adipocyte when cultured
under appropriate conditions. This confinns. the precursor status of our
15 immortalised cells.
In addition to the above staining we have also demonstrated changes in
specific gene expressions. Firstly, the exprwsion of Lipoprotein lipasé (LPL),
a known early marker for adipocytes, can be identified within a few days of
rabbit serum treatment. Secondly, type I collagen expression, a marker of the
20 .  osteogenic lineage, disappears after a few days treatment with normal rabbit
serum The expression of LPL and the_ disappearance of type I collagen,
therefore, provide further support to the bipotential nature of the human bone
marrow stromal cells that have been generated. Thus we believe we are

using genuine precursor cells in order to make our human cell-lines.



As wel | as generating precursor cells for the osteogenic |ineage, which are
capabl e of differentiating down an adi pocytic route, we havelﬁggﬁ(ﬁ?ﬁced

chondr opr ope@06/04408¢l | - | i nes which, in the presence of diffe

agents such as dexanet hasone, wi |l becone hypertrophic chondrocytes.
10 Cell-1ines have been generated by retroviral tenperature sensitive
oncogene transduction as descri bed above using human foetal tissue
as source naterial (havi ng first 28t ai ned et hical approval ).

Some of these cell-lines have the capacity to mneralise in culture in the

?gsence| o b fgzﬁmm d. In addi m?mtahm&mf | ¢K’ bt
1 t 1 1 - 1

n(ﬁ bas%l reahr);mnlqvegrgggwhadef hnﬁnﬂ;trliﬂvlé?&ﬂ‘t Ggf;‘?qdf froam n&?%gleboﬂ!@l eﬁ?exels. | To

bYner i1 aphi cﬁi\?roﬁake&qéi}l'm&%”_“ @3 i Cfevels” drOneddh bt Nifien

secare e G o e S it

single cell €Toning afl‘?gr |mmra |sat|on ays

treat megt W hid day 2ant b sdifcedetolexprass alkiatifle tphobphease aétivibe CThenkey

woul d express type X coll agen, a mar ker for hypertrophi c chondrocytes.

Type | coll apemtvmsthat)tmeﬂm absem:el tdeaamewsbne,cneaaﬂ@hnmphasghm t hey

Were not of osteopro enlt or e cells wer % | so re onsive 1o
"5 ( Oy 200 aelimBk s Setetable qrTRES e, Baye Rok Seleried Mese PIFGURORAR My t wo

%T?ggégfgg sbasis of alkaline phosphatase expression. Both clones 10 and 14 wﬂl

further mar kgﬁft?hs% 1420 dawi cﬂhﬁe%%agmeh&@opheﬂah& when

the cells ar n nonol ayer c ture for 10-14 days at 39[err the
oncogeng' s phosphaten-Ties renminiagt clone; elonee?, eamot rbg Iimdm:ledemexpnfesadded

[err] -gl ycerophosphat e the cultures m neralise. 5 Again, this
data cl ear | yalkaline phesphatase mrtivityithy. treatraent with dexamethaspnecnor wall it

bei ng used t royi de hupan cell-lines and that the origin of the precursor
cells deternFHE%‘aﬁFl\'e Ot¥pe of the differentiated cell-1line.

Figure 13 shows a femur derived from a human foetus of 7-9 weeks of
gestation and of approximately 600pm in length. The femur has been

15 cultured for a period of 14 days to allow the expansion of replicating cell
populations which can be seen streaming from all regions of the femur. This
was prior to cell immortalisation by retroviral temperature sensitive oncogene
transduction. The figure therefore shows the nature of the cell population that
was used to produce some of the cell-lines of the invention.

20 Lon‘ev'i of the Human Bone Marrow Stromal Cell-lin

Using the method of the invention we have surprisingly found that our human
cell-line successfully differentiates to produce functional cells which cells
avoid crisis and thus apoptosis The cell-line therefore continues to survive
and our current human bone marrow stromal cell-line has passed through 40
25 divisions over a period of one year producing 10° cells. The cell-line



Neural Cell-1lines . I'n anot her enbodi nent of Claim1, neural tissue
for inmmortalization was 10 di ssected from human foet al mtf&fl&hsﬂﬂzsﬁ' 12

weeks of g¥EQAUIMMO this is close to the optinum age fo
immortalizing (via retroviral transduction) forebrain cel | s such as
striatal neurones and sone cortical neurones, because they have not

yet undergone their final replication in %ivo. They are thus are stil
capabl e of incorporating the retroviral 8 cogene into their genone and
stably 15 expressin

8-12 weeks fGORENUES\LO %u'g};ypegpd moreove e‘%ﬁﬁh?v,\ﬁme dissected from the
br ai nst m ZLM%%E&E%%EMWM% i tisyus w%@’m b |21

Di ssoci at ed qgjuk Swhr BEvE NBSéh [4tile OfS pedace | ad eﬂm%msadnhm 261]-lineof

di fferent subst rates (gel atin/polylysine, fibronectin, uncoated plastic)
and | ooniprising dxffaenahtedecbllsednanmtaﬁt thengﬁmcennal charactetisticsThe cel | s
wer e transduced by our usual nethod (Stringer et al., 1994) with an
anphot r opi ¢ virus (PA317-CwW48T) (fromP. Gllinore, University of

Bi r m ngham enco the controllably expressed oncogene
(ts- SV4aT) |ﬁ2@4&9§9&4—w 60 et 96/ 14400

PCT/ GB95/ 02591 27
geneticin resistance marker ((418). Si nce hurman CNS neur al

precursors eny Well a& geaératingf predinson tells!foy this osteogenic hneageplvhidt anee
potential in fibroblast grow h factor (FGF)-containing nmedi um

was consi der eapahle aftdiffeventiating:down a;badlnqcxueaoutedwhavmalscrpmdwpded 5
cells alike tpo expand in the me cyl,ture tlasks. i f further
sanpl es of be@!\dﬂW’Hﬁre‘Pq fl E‘&H’éhs ipreganee qfté}bémr@/agg RS e

ccor i ngl y. ShLEs Eebabiéfipbng; WAl eopih, hifpdtibEhi Chofih -Zﬁ[?u?'einﬁére

iO Cell-lines have been generated by retroviral temperature sensitive oncogene

transduction as described above using human foetal tissue as source material
(having first obtained ethical approval).

Some of these cell-lines have the capacity to mineralise in culture in the
absence of any factors which induce differentiation, and, consequently, are

15 already differentiated. In addition, though, some cell-lines exhibit no basal
levels of activity related to differentiated cell types. To show that these

~ undifferentiated cell-lines 6ould potentiate hypertrophic chondrocytes, we
added the differentiating agent, dexamethasone, to the culture medium of cell

clones derived by single cell cloning after immortalisation. After several

20 dasrs treatment with dexamethasone we demonstrated that some of the clones
would express type X collagen, a marker for hypertrophic chondrocytes.

Type I collagen was not expressed in these cells clearly showing that they

were not of osteoprogenitor origin. The cells were also responsive to
1,25(0H),D, and expressed high levels of alkaline phosphatase activity, two



passaged, and a proportion frozen for possible |ater use. The
passaged cells were treated with geneticin to eradicate non t §§ﬁ§ﬁ§?ﬁbl
cell's, andWO9£H44000- 12 days, snall clones were apparent. Si ng#
resistant, transduced cells fromeach clone were taken for expansion.

order to achieve this, we have devel oped a nethod of driving the
cells both to survive better and, o replicate nore rapidly during
the early, critical stages 15 of expdfision, by co-culturing themwth
jsupportlng cells kept as feeder |ayers L n,.cel -mell i nserts
(Cor i ng) n@ﬂémr%tﬁe erthiphie chendnsyte ke p - Bfsoy fhen
hundred, th - o N
mtotic rat lseg[ %@%ﬁ{é&knser &fégo@t 2{2?}13&?%??2 ghﬁ{ee enggl S
were no %&ﬂﬁi&w&% Waﬂd ﬁmieChbbené@m\daéd hesphates| at ed
several 20 °q1 nogeneous ones In this way, although we StIP| have many
hundr eds of the culturdsetdnergliseus, ni xed cl ones either frozen or continuing
to expand. The cl ones expanded fromsingle cells have been grow ng
continuously since their initial culturing in May 1994.

75 " bt oy Agiiny hi dapcleerty SEbs hat R Binted 57 ndE HediSy Glis e MOt
expanded heing used b $o¥{tt fluman cell-lines and that the origin of %e precursor
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the oncogeneielisRitérntiney thé phencspersf t dffescrtiafed oelldin. days. The cells
were then grown at the non-perm ssive tenperature of 39[err]Cin the

presence of a variety of agents and other cell types. These incl uded
nerve growt h factor, ciliary neurotrophic factor (CNTF),
brain-derivWﬁc factor, 5 glial cell line-derived
neurotrophic factor (GDNF), FG-, epidermal growth factor, -

pl atel et-derived growh factor, retinoic acid and different sera. After

14 days und &ﬁtﬂﬁﬁ Sﬁviﬁdhhﬁaﬁ dfhelaanl hSn\eﬁm tidsue For ifrf6ftaRRARIbn was

I mmunohi st ochem ca h a battery of cell-type specific antibodies such
as neug®fi | adissicted fronohanmndfoetadl enaterinbat8-18 wedksf ofogestdtion; thisiisiclose

protein, 10 myel i n-ol i godendrocyte glycoprotein, nestin, vinentin and CD
1 1b (|abe||weopmmmﬁgnmortalm (via detrowiral transductiony {g
appar ent DOt bns sush a5 AP hOHCHRL ahaWkhd I T

not yet undergone their final replication in vivo. They are thus are still
capable of incorporating the retroviral oncogene into their genome anc_l stably
15 expressing it.

Seven regions were dissected from the 8-12 weeks foetal CNS - cortex,
striatum, hypothalamus, rostroventral mesencephalon, caudoventral
mesencephalon, medullary brainstem and the dorsal and ventral homs of the

. spinﬂ cord. Dissociated cells from these regions were plated onto a number

20 of&ﬁﬁnentsubmmmes(gekuthohdyﬁnc,ﬁbnxmmﬁn,unammmipmumkoamd
' incubated in a defined medium (Stringer et al., 1994). The cells were
transduced by our usual method (Stringer et al., 1994)- with an amphotropic

 virus (PA317-CMV48T)(from P. Gallimore, University of Birmingham, UK)
encoding the controllably expressed oncogene (ts-SV40T) linked to a



I ncubated in the presence of glial-derived neurotrophic factors (see Figure
14). Incubation with CNTF I ed to an astrocyte-li ke phenotype instead. 15
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resutts in a honogeneous 20 neur onal phenotype bei ng expressed (Stinger

et al, 1994enefitinsresistdncet inarker (G418%1 ti pl e phenotypes of the corti cal
clone reflect the early stage of corti cal devel opnent . at which the
precursors were isolated, mhen cells have a | ess restricted
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| onger di spagsagedaan Wﬁmﬁmﬂeﬁifﬂﬂp,ossiﬂw\M&usﬂEShmrkS of
GFAP-i mmunor eacti ve fibres (a mar ker for astrocytes) becane prom nent,

nost cells being positive. Interestlngly, we have therefore shown
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Lgfu(rjlef I)?rt e pr ecur sor ceﬁ &&8 gﬁm@%#e“#h?’?%%c%’e na ebm"flst he t h?
di fferenti siSne Rmsdhced belly FrbhredthBlone dete tdlef fof eRpdifiGit In order
to achieve this, we have developed a method ofchﬁﬁng the cells both to
Survive better and to replicate more rapidly during the early, critical stages
15 of expansion, by co-cxﬂturing them with supporting cells kept as feeder layers
in cell-well inserts (Corning). Once the clonal cells numbered about a one
or two hundred, they become self-supporting, with a noticeably increased
Inhbﬁcnne.1\tﬂﬁssump,ﬂu:hmenscdn&ﬂﬁmgthesuppmﬁngwmﬂsvmxeno
_ longer required, and could be removed. We have now isolated several
20 homogeiieous clones in this way, although we still have many hundreds of

heterogenous, mixed clones either frozen or continuing to expand. The

clones expanded from single cells have been growing continuously since their

initial culturing in May 1994.

Differentiation of a clone from the human cortex has been analyzed in most
25 detail. Cells from this clone were plated onto 24-well plates and expanded
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epithelial cells transfected by Harvey“tas oncogene. Sci ence
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neural cel lgf fle@ariesd of ragents) androther eell upped. f st iinthded nétve gtoaeh cel |l
line in which immortalization has been term nat ed. 3. A process for
produci ng #attongeiliary neurottophi¢ factomECN Tk rbraimydetivied newnatrophic factor,
5 glial cell line-derived neurotrophic factor (GDNF), FGF, epidermal growth
factor, platelet-derived growth factor, retix_loic acid and different sera. After
14 déys under these conditions the cells were fixed and screened
immunohistochemically with a battery of cell-type specific antibodies such
as neurofilament, neurone-specific enolase, glial fibrillary acidic protein,
10 myelin-oligodendrocyte glycoprotein, nestin, vimentin and CD11b (labéiling
microglia). @ We found a neuronal phenotype was apparent both
morphologically and immunochemically after the precursor clone had been
incubated in the presence of glial-derived neurotrophic factors (see Figure
14). Incubation with CNTF led to an astrocyte-like phenotype instead.
15 Interestingly, although the precursor cells are homogeneous, having been
expanded from a single cell, it appears that they can give rise to at least two
different phenotypes under each given set of conditions. This sort of
multipotentiality is in contrast to the muitipotentiality seen with our rat-
derived raphé clones, where one set of conditions results in a homogeneous
20 neuronal phenotype being expressed (Stinger et al, 1994). Presumably the
multiple phenotypes of the cortical clone reflect the early stage of cortical
development at which the precursors were isolated, when cells have a less
resﬁicted commitment to individual differentiation pathways. Nestin and
vimentin were also identified from this clone. '

———25 . In Figure 14 A the homogeneous precursor cells were incubated at the non-
permissive temperature of the oncogene (39°C) in the presence of glial
derived neurotrophic factor, and allowed to differentiate. Some of the
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GFAP-immunoreactive fibres (a marker for astrocytes) became prominent,
most cells being positive.

10 Intémﬁngly, we have therefore shown that undifferentiated, or precursor cells
can be used to produce human cell-lines with considerable success and that
the nature of the differentiated phenotype of such cell-lines is determined by
the nature of the precursor cell and, in some instances, the nature of the
differentiating agent to which the human cell-line is exposed.
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(h) lung cells; (i) T or B lynphocytes; (ii) neural cells.
6. The process of any one of clains 3-5 wherein immortalizat 'P%léﬁ%%{:%&flﬁ :d
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12. Diffeérentiated hwran or neural cells obtainable by the process of any’
one of cl ali 11. 13. The cell line of claim1 or pop '

claim?2 mhggi?ﬁlt e precursor cell line is as defined in cIaﬁ#ﬁQ@ﬁﬂngfl'The
popul ation of claim2 wherein the differentiated cells are

33 15. The cell line of claim1 which is imortalized by an agent or
control neans as defined in claim6®. B4 The popul ation of claim?2
wherein immortalization is termnated by a control neans as defined in

cl aim 6. 17. The popul ation of claim2 which is differentiated by a

process as defined in claim7 or claim8. 18. The cell line of claim1 or
popul ati on of claim2 wherein the cel CLAIMSher conprise a safety neans as
defined in any one of clainms 9-11. 19. An in vitro cell nodel, transplant
or graft conprising the cell line of claiml1, 13, 15 or 18, popul ation of

claim2, 14,116, AmBhotPfdd produtfgPhuhhAl'cdliYites comprising:

a) immortalising a human undifferentiated or precursor cell of a
given tissue type using an immortalising agent which includes
or has associated therewith a control means whereby activation

5 of the control means terminates immortalisation and allows
| differentiation of the undifferentiated or precursor cell,

b)  culturing said immortalised cell in order to produce a
.homogeneous population of human cells,

c) activating the control means in order to terminate
10 immortalisation and activate differentiation; and

d)  allowing dlfferenuauon of said cells so as to produce fully
differentiated cells of said given tissue type.
pA A method according to Claim 1 wherein said immortalising agent is
an xmmortahsmg gene.

15 3." A method according to Claim 2 wherein said gene is a viral oncogene.

4. A method according to Claims 1, 2 or 3 wherein said immortalising

agent is a construct.
-
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20. The cell line of claim1l1, 13, 15 or 18, population of claim2, 14, 16,
17 or 18 or cells of claim12 or the transplant or graft of C£€%ﬂéégﬁgﬁﬂ;
use in tra¥@PE#480i on therapy or for administration, storage nt
to an individual. 21. The cell line, popul ation, cel | s, transplant or
graft of claim?20, for use in .transplantati.on therapy in the treatnent of

neur odegener ati ve di sorders, osteoporosigs, or osteoarthritis. 22. Use of
the cell line of claiml1, 13, 15 or 18, pul ation of claimz2, 14, 16, 17

it actur o 87 o 4 Wit el CORRPA Sohertip 58 ConBieL B Leodl, o7

for adninistF tRibt. storage. or attachnment to an individual. 23. The use
of claim22 for use in transplantation therapy in the treatnent of

neur odegener ative di-sorders, osteoporosis or osteoarthritis. 24. An

I rmortalized i mmature, undlfferentlated or precursor neural cell line (e.g.
a human cel | 6 i ne)A method according to Claims 1 to 5 wherein said control means is

REPLACEMENT SHEET . WO 96/ 14400
PCT/ GB95/ 0255@sponsive to environm conditions. 33 14. A

met hod according to Caim 13 wherein said agent is Vitamn D3.

5 7. A method according to any preceding Claixﬂ wherein said
immortalising agent and control means are integrated.

8. A method according to Claim 7 wherein said integrated
immortalisation agent and control means comprise a temperature sensitive

entity.
10 9. A method according to Claim 8 wherein said entity is an oncogene.

10. A method according to Claims 8 or 9 wherein the immortaiising agent

is SV40T antigen.
'11. A method according to Claim 1 wherein said immortalising agent is
a chemical means.

15  12. A method according to Claim 1 wherein said immortalising agent is
a physical means.

- 13. A method according to any preceding claim wherein the process of
allowing differentiation of said cells involved exposure of said cells to a
differentiating agent.
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15. A nethod according to Cains 13 or 14 wherein said agent is Vitamn

K, either alone or in conbination with Vitamn Dierr]. 16. A

met hod accWOd6/ig400to Claim 13 wherein said agent, is 5 PCT/GBI9S/02591
dexanet hasone. 17. A nethod according to Caim 13 wherein said
agent is, rabbit serum or an extract thereof. 18. A nethod
according to any precedi ng clai mwhich rr$%hod further I nvol ves
immortalisation of a human undifferentiat®d or precursor cell with 10 an

i rortalising,ag I .V

di'sabl  ng andfor dbaified aRoRiag s Clali T Wt A 4elin GV RERA Dy,
according to Claim 18 wherein said nethod invol ves transfection of
said cell-line with a-gene which in the presence of certain - agents
produces a c\ot oA methédatcordifigto Glairhscl3 or 14 Whereir’$hid agentisWitamin
according to _Claim 19 wherein said gene is_viral thymdine ki nase.
21. A net hoK,aeitherallone oo iwicombinagoneit VitaminiDyene i s cytosi ne

-deam nse. 22. A nethod according to Caim18 wherein transcription
of the 20 i mortalising agent also results in transcription of the

saf ety means .
PCT/ GBO5/ 02549 A meth8® %@cﬂ:ﬁﬁﬁg to Claim 13 wherein said, agent, is.

5  dexamethasone.

17. A method according to Claim 13 wherein said agent is, rabbit serum

or an extract thereof.

18. A method according to any preceding claim which method further
involves immortalisation of a human undifferentiated or precursor cell with

10 an nnmortahsmg agent and also a safety means which enables selective
disabling and/or destruction of said cell-line.

19. A method according to Claim 18 wherein said method involves
transfection of said cell-line with a-gene which in the presence of certain
agents produces a cytotoxic effect and/or product.

15 20. A method according to Claim 19 wherein said gene is viral thymidine
kinase.

21. A method according to Claim 19 wherein said gene is cytosine
- deaminse.

22. A method according to Claim 18 wherein transcription of the
20  immortalising agent also results in transcription of the safety means.
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23. Cells or cell-lines produced in accordance with the nethod of the
I nvention. 24. Cells or cell-lines according to
conpri si ng V@ 9¢/H489 one honbgeneous popul ati on of nnvf#ﬁh’@@s%’el | s

provided with neans to 5 termnate imortalisation such that a
honogeneous popul ati on of differentiated cells is provided.

25. Cell's or cell-ines according to Chagi ns 23 or 24 conprising at |east
one safety neans i n accordance with the invention. 26. Cells or
‘cell-lines dCEH s o? CAIRNifes prodtcetd ﬂ“h‘é&étdhnéé'\@nﬁeiﬂesnﬁthdcpof the
~cell-lines are of man ori gin. I mmat ur e,
jundlfferentlﬁnmmh@n precursor cells to produce termnally
differentiated human cell-lines that express tissue- speC|f|c

. functions.

24. Cells or cell-lines according to Claim 23 comprising at least one

homogeneous population of immortalised cells provided with means to
5 terminate immortalisation such that a homogencous population of

differentiated cells is provided. | '

25 Cells or cell-lines ‘according to Claims 23 or 24 compnsmg at least
one safety means in accordance W1th the invention.

26.  Cells or cell-lines according to Claims 22 to 25 wherein said cells or
10 cell-lines are of human origin. '

27. Use of immature, undifferentiated or precursor cells to pi'oduce
terminally differentiated human cell-lines that express tissue-specific
functions. -
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