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Neur al* transpl antation using pluripotent neuroepithellal cells The
present application relates to the correction of behavi oural and/ or
psychol ogi cal wiedmisgs by the intracerebral transplantati on etTAIB682251
celds, and to cells and nedi caments therefbr~ The invention al so

concerns net hods for the production and nai ntenance of the cell lines.
Behavi oural and/or psychol ogical deficits are caused by nmany di seases and
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cases, there is no satisfactory treatnent avail abl e. The present

i nvention prow des f orhed ;m;skmhq 1ié@@idwnﬁepétesbebathQUéakréaé&eﬁ of
psychol ogi cal ICI mhg rise raceigg an tation of a
therapeutlcally ?9%&%9%&? rﬂﬂéggg;piX%h?{hﬁiﬁﬁ ﬁgﬁ?béﬁlgﬁegﬂ cel I s.
The present inveintmedarelmsledrangElantatidre of abswraht cehlshasndwhen
transplanted intQ p daRPGfbd¥caments therefor. The invention also
concerns methods for the production and maintenance of
the cell lines.

Behavioural and/or psychological deficits are
caused by many diseases and may also be caused when the
brain undergoes trauma. For example, motor dysfunction
is one symptom of Parkinson’s disease. As yet, in most
cases, there is no satisfactory treatment available.

The present invention provides for a method of
treatment of a behavioural and/or psychological deficit
which comprises intracerebral transplantation of a
therapeutlcally effectlve amount of plurlpotent
neuroeplthellal cells.

The present invention is based in part on the
observation that, when transplanted into a damaged or
diseased brain, pluripotent neuroepithelial cells appear
to respond to signals from the damaged or diseased brain
by faking up a phenotype that is able to replace or
compensate for functional deficits to which the damage or
disease otherwise leads.

The term "plurivotent" is used herein to denote a
an undifferentiated neuroepithelial cell that has the
potential to differentiate into different types or
different phenotypes of cell, in particular into cells
having the appropriate phenotype for the intended use.
The cell type or phenotype into which such a pluripotent
cell finally differentiates is at least partly dependent
on the conditions in which the cell exists or finds
itself. _

For use in the present invention the neuroepithelial
cells should be capable of differentiating into cells
appropriate to repair or compensate for damage or
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Suitable pluripotent cells include those called or
known as "stem cells" and those called or known as
"precursor cells"..

The pluripotent neuroepithelial cells are
advantageously, and will generally be, conditionally
immortal.

The treatment may be carried out on any mammal but
the present invention is especially concerned with the
treatment of humans, especially treatment with human -
cells, and with human cells and cell lines.

The present invention provides a mammal which has
undergone treatment according to the present invention.
The present invention provides isolated human,

pluripotent neurocepithelial cells.

The present invention especially provides human,
conditionally immortal'pluripotent neuroepithelial
cells.

The present invention further provides a
conditionally immortél, pluripotent, neuroepithelial
cell line, especially for therapeutic use, more
especially for the treatment of a behavioural and/or
psychological deficit.

The cells of the present invention are capable of
correcting a behavioural or psychological deficit when
implanted into a damaged part of the human brain. The
term “damage" used herein includes reduction or loss of
function. Damage may be caused by any of a variety of
-means including physical trauma, hypoxia (lack of
oxygen), chemical agents, for example, damage may be



capable of differentiation into all types or phenotypes of neural cells.
Thescel'l s may, for exanple, be bi potent. However, a high degree of
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correcting a behavagkinsonr sPanah Paddtintontef ityide \Hieases, Huntington'’s
disease, Korsakoff’s disease and Creuzfeld-Jacob disease.
Amnesia, particularly following transitory global
ischaemia such as after cardiac arrest or coronary bypass
surgery, may also be treated in accordance with the
present invention.

The present invention further provides a process for
the production of human, conditionally immortal,
pluripotent, neuroepithelial cells which comprises the
steps of:

(a) obtaining neuroepithelial cells from a human fetus,
the cells being at a stage early enough in the
developmental pathway that they have the ability to
differentiate into a variety of different brain cell
types,

(b) introducing into those cells DNA which comprises a
sequence capable of causing the cells to be conditionally
immortal under the control of appropriate control
elements, and

(c) maintaining the cells in vitro under pefmissive
conditions.

The process may further include the step of
cloning the cells to obtain one or more cell lines.

A further aspect of the invention provides for
pluripotent, neurcepithelial cells, optionally in
isolated form, for therapeutic use, especially in humans.
The therapeutic use may be treatment of a behavioural
and/or psychological deficit. |
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surgery, may also be tThet petesentcinveénrdenvifilrtihe® provides for the use
of pluripotent, neuroepithelial cells, optionally in
isolated form, in the manufacture of a medicament for the
treatment of a behavioural and/or psychological deficit.
The medicament to be administered comprises pluripotent
neurcepithelial cells.

The present invention especially provides for the
use of conditionally immortal, pluripotent,
neuroepithelial cells in the manufacture of a medicament
for the treatment of a behavioural and/or psychological
deficit. The medicament to be administered comprises
conditionally immortal, pluripotent, neuroepithelial |
cells.

The conditionally immortal cells according to, and
used in, the present invention may be from clonal cell
lines or may be of mixed population. Cells from clonal
cell lines may be preferred. Cells from a single cell
line may be used or a mixture of cells from two or more
cell lines may be used.

The invention further provides a pharmaceutical
preparation comprising cells according to the invention
and a pharmaceutically acceptable carrier.

Transplantation of conspecific fetal neural tissue
into a damaged brain has been studied in animal
experiments and consequent repair has been observed at
the neuroanatomical, physiological and behavioural levels
(Dunnett & Bjorklund, 1994). There has been some
application of this work in the treatment of the motor
dysfunction. of Parkinson’s disease (Lindvall, 1994) but
widespread ﬁse of this techniqué is handicapped by the
need for tissue derived from conspecific fetal brain;



present invention. The present invention further provides a process
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differentiate into a variety of different brain cell types, (b)
introducing into those cells DNA which conprises a  sequence capabl e of
causing the cells to be conditionally i mmortal under the control of
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Work on fetal tissue transplant (Sinden, 1995) in
certain types of damage has shown that very specific
matching of cell types is required to obtain improvemént
in cognitive function.
We have found that when conditionally immortal
pluripotent neuroepithelial cells are implanted into a
damaged brain the cells differentiate into the correct
form of cell required to repair the damage and the
differentiated cells are able to form the appropriate
connections required to improve function. - The phenotype
of the differentiated cells may be the same as the
phenotype of the damaged or lost cells, however, the
differentiated cells may be of a different phenotype, or
of a number of phenotypes. In any case, the cells take
up a phenotype that is capable of functionally
integrating and compensating for the damaged or lost
cells. That is assisted by the propensity, that we have
discovered, of the cells to migrate to, and seek out,

damaged tissue.
The use of pluripotent cells means that with one

clonal cell line it is possible to repair damage in
number of different areas of the brain. It also means
that if more than one particular cell type is required to
repair damage in a given area then a single pluripotent
cell line will be capable of differentiating into the
different types of cells required.

Conditionally immortal cells are cells which are
immortal under certain permissive conditions but are not
immortal under nonpermissive conditions. 1In the present
case this means that by conditionally immortalising
pluripotent precursor cells extracted from fetal tissue
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Immortalised cells are usually prepared by the
transduction of an oncogene into cells. There is
therefore a risk of tumour formation in the long term,

so such cells are not preferred for use in the present
invention.

Conditionally immortal cells have the advantages of
immortal cells in that they are "frozen" in the desired
'stage of development, are easily maintained and multiply
well when under permissive conditions but they may be
used in transplants as long as the environment into which
they are transplanted has nonpermissive conditions. 1In
the case of the cells of the present invention the gene
used to confer conditional immortality should be chosen
so that the conditions present in the brain will
correspond to nonpermissive.conditions.

The usual way to immortalise the cells is by
transduction of an oncogene. The use of conditionally
immortal cells means that under nonpermissive conditions
the cells do not have oncogenic properties and so this
excludes any possibility of the implantation of cells
leading to tumour growth.

If non-immortal cells are used then these may be
maintained in vitro in culture media with the addition of
growth factors.

The gene which is used to confer conditional
immortality may be incorporated into cells after



preparation conprising cells according to the invention and a
pharmaceutically acceptable carrier. Transpl antation of conspecific
fetal neural tissue into a danaged brain has been studied in aninal
experinments anqv(ggﬂﬁggyent repair has been observed at t he JGBY6/02251
neut oanat om cal , ysi ol ogi cal and behavi oucaly level s (Dunnet t

Bj or kl und, 1994). There has been sone application of this work in the
treatment of the notor dysfunction of Parkinson's disease (Lindvall,
1994) but wi despread use of this technique is handi capped by the need
for tissue deriveexktragtdionsggeomf iac fetadl abhimal.. Alterﬂﬂhiﬁénpszg

PCT/ GB96/ 02251 f

requi-red nust be Spggfgfglfoapﬁma}s otper gﬁanghugﬁé dlﬁ@h%% repair and it
must be taken at spltpeéeaéeceﬂﬂsecpmpruge 8t ggved fam ganferring el opment

that differs aCEBhdiEQﬁ}\Qlb%ﬂogiﬂlﬂtfreﬁthb% Vgrgida'r Y Rfha b hrdd S Igads

to both practical and I, cal t1ssue
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the fetal animal tissue are already conditlonally
immortal and do not require further treatment.

The cells used in the treatment of humans should
preferably be derived from human cells to reduce problems
with immune rejection. This requires the use of fetal
tissue. The use of conditionally immortal cells means
that once a population of cells has been established it
is not necessary to use fetal tissue again. For example,
cells are taken from a human fetus at the appropriate
stage of development and the DNA necessary to'gause
conditional immortality in the cells is inserted. Those
cells may then be propagated or they may be cloned and
individual cell lines selected. Maintenance of the
mixed populations and/or of selected cell lines provides
a constant source of material for implantation.

To treat a patient it is generally of ass1stance to
know where damage has occurred in the brain. Once the
existence of damage has been established, whether it be
in one isolated area or in several areas, treatment by
implantation of cells into the damaged area may be
carried out. In many cases, however, the location
and/or type of damaged tissue may be unknown or only
poorly characterised. -For'example, neurodegenerative
diseases may lead to widespread damage to different types
of cells. Treatment of such damage is still possible
and is assisted by the ability of pluripotent
neuroepithelial cells to migrate extensively once
transplanted and to seek out damaged tissue. The
pluripotent cells may be transplanted at a single site,
or preferably at multiple sites, and are able to migrate
to the site(s) of damaée and, once there, differentiate



certain types of damage has shown that very specific mat chi ng of cel
types-is required to obtain inprovenent I n cognitive function. We

have found t havowhegsaeonditionally i mortal pl uri pot ent neur GRAIEHR)I234:
cells are inplanted into a damaged brain-<leée <ells differentiate into the

correct formof cell required to repair the damage and the
differentiated cells are able to formthe appropriate connecti ons

required to inprqve function. The phenotype of the differentiated cells
may be the same 38 TBEPONERei6: he dpcafe mismapny igronkent ceinto Hoeever

the differenti needssakyS pirok9pe of PhiehetSHeL N tin¥ovdTor Pésfore
nuaber of phenot¥§g he cel l.s tak henotype that is

S..L.n any case, I e
capabl e of functiSREFAPD- iﬁ?@%r&?? Smaﬁﬁqaﬁﬁiﬁuﬂﬁiﬁﬂ%?ﬁ#g%qﬁa nEd%8 or
| ost celI's. Thahatshadsretedved tbangplpats Of deldis WE wonditionally
di scovered, of t ks t . ed tissue.
The use of pIuriq%?ég%ggeF?gg%gégéthg?“%?%ﬁi§$§f%%%(ﬁ%ﬁ¥%§§hel§QﬁV? S
possible to repaghéﬁahhgecbhls aggbegateddiinf &hentareeexf dthe [danmged. |t
al so means — thakiskndd’ 8ebhafafififePd beibld' thitld MRy drd 1O
repair damage in a given area then a_single pluripotent ce lTne will be
capabl e of diffePERPPRSLRY PRt bhenheells freestablyisds amd dattegratgired.

Condi tional |y i nthenskl¢ek! $natReCakrks Wi dlmdge rdtHEY itHan NGElarw Sdtdd N
per m ssive condi tons but ar. al under ngnperm ssive

t t
conditions. Int BngﬂﬁgedeEggﬁu?h:s raﬂ UEARRHRRt: ARUN R (Khe cells

i mortalising and their propensity for damaged tissue means that
treatment with cells from a single cell line of high
potency is able to lead to compensation for widespread
damage of a number of different cell types.

After treatment the progress of the patient may be
monitored using behavioural and/or psychological tests
and/or, if desired, tests which monitor brain activity in
selected areas of the brain. For example, tests for
cognitive function may be performed before and after
transplantation.

Preferably, treatment will substantially correct a
behavioural and/or psychological deficit. However, that
may not always be possible. Treatment according to the
present invention and with the cells, medicaments and
pharmaceutical preparations of the invention, may lead to
improvement in function without complete correction.

Such improvement will be worthwhile and of value.

The number of cells to be used will vary depending
on the nature and extent of the damaged tissue.
Typically, the number of cells used in transplantation
will be in the range of about one hundred thousand to
several million. Treatment need not be restricted to a
single transplant. Additional transplants may be carried
out to further improve function.

- The present invention is illustrated by work we have
carried out on rats which have brain damage. In the
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sensitive oncogene (tsA58, the temperature sensitive
mutant of the SV40 large T antigen under the control of
the interferon-inducible H-2KP promotor) such that the
cells divide at the permissive temperature (lower than
body temperature, 33°C) but differentiate only when
restored to mouse body temperature (38°C - 39°C). It is
this feature that provides them with conditional
immortality. This allowed us to clone and expand cell
lines in wvitro which then differentiated upon
transplantation into a host brain. A number of cell
lines were cloned from a population of cells taken
originally from the transgenic mouse, specifically, from
embryonic day 14 (E 14) hippoéampus. We studied the
rats, which received transplants of those cells, for at
least 8 months and in no case did the cells, after
transplantation, form tumours. Furthermore, in post-
mortem histological preparations, the transplanted cells
(marked by prior transfection with a lac-z reporter gene)
have the appearance of differentiated cells appropriate
to the rodent nervous systen.

The cloned cell lines show the potential, in vitro,
to differentiate into more than one phenotype, e.g., into
both astroglial and neuronal phenotypes, see Example 4
below.

The lesion-and-behaviour model in which we have
demonstrated that cloned cell lines are able to restore
function in the damaged brain is one that we have
previously studied intensively using fetal conspecific
transplants (see Sinden et al., 1995). It utilises rats
in which the technique for four-vessel occlusion (4 VO),
simulating human heart attack, causes relatively '

-
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dysfunction occurring as a consequence of a common form
of brain damage, i.e., transient loss of blood supply to
the brain, for example, as may occur during cardiac
arrest. |

We have previously demonstrated that, for fetal
cell-suspension transplants to restore performance in
this task, they must be highly specific to the damage
caused by 4VO: transplants containing CA 1 pyramidal
cells are effective; transplants containing cholinergic
cells from the basal forebrain, granule cells from the
dentate gyrus, or even a different class of pyramidal
cells (CA3) from the hippocampus are ineffective.
Examples 5 to 8 below described experiments in which
both the clonal cell lines and a mixed population of E 14
hippocampal neurocepithelial cells taken from the H-2KP-
tsA58 transgenic mouse provide effective transplants for
restoration of cognitive function in this model.

We have found that two of the three clonal cell
lines tested, the MHP36 cell line (previously known as
the C36 cell line) and the MHP3 cell line are as
effective at restoring cognitive function as fetal rat
transplants containing CA 1 pyramidal cells. The third
cell line tested, the MHP15 cell line (previously known
as the Cl15 cell line) leads to an improvement of function
but does not show as great an improvement as MHP36 and
MHP3. The chances that we happened to pick upon cell
lines that would differentiate into CA 1 pyramidal cells,
irrespective of the nature of the host brain environment,
are small. Thus it appears that the cell lines are
capable of responding to damage-associated signals so as
to differentiate into cells, of one or more types, that
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material for inplpsychobogical deficitseaedbnsegaenenuipon an g¢qunaldlyl wide
assi stance to g h u b t he

exi stence of danaggﬂﬁ&hggeeggggtgglﬁ ﬁ%ﬁg &é gﬂ thgBeB%aEH Cﬂ§Sl§blated
area or in severaFlﬁﬁﬁnﬁﬁntxmgihnﬂtehwicalnphdnpaactmcaﬂ prbbdemst o t he

dameged area may agsacﬁaféaedlwttné "udBNYe CAEREN pawBYCkiskiesl.ocation
and/ or type of danaged tlssue gh e, unknown or_only oorly
characterised. For exaltpt et¥RgRblichihes athigh have shown the greatest

ability, so far, to restore function are both FGF2-
responsive, i.e., they substantially increase their
proliferation in both permissive and non-permissive
culture in the presence of that growth factor, whereas
the third cell line is only slightly responsive. Cells
and cell lines which show sighificantly increased
proliferation in response to the addition of a growth:
factor to their culture environment are therefore
generally preferred. The cells may be tested under
permissive conditions and/or nonpermissive conditionms.
Cells showing the greatest increase in proliferation are
generally most preferred. The growth factor used to test
the cells should preferably be appropriate to the area of
the brain in which the cells are intended for use, i.e.,
a growth factor secreted in that area. For example,
cells intended for the repair of tissue in the
hippocampus may be tested with FGF2 (also known as bFGF).
Cells responsive to FGF2 are generally preferred. Other
mitogenic growth factors may be used in testing,
including EGF and NGF.

The invention therefore provides a method of testing
comprising maintaining a population of cells of a
conditionally immortal pluripotent neuroepithelial cell
line in vitro and culturing portions of the cells under
permissive conditions, in the presence and absence of a
growth factor, for example, FGF2, and determining the



di seases may lead to w despread danage to different types of cells.

Tr eat ment of ge is still possible and is assisted by the ability
of pluri pot enwyﬂ&gﬁiepl thelial cells to nig %,at e extensively SFIT&BIC022S1
transplanted and to seek out danaged tissue. pluripotent cells may be

transplanted at a single site, or preferably at multiple sites, and are
able to mgrate to the site(s) of danage and, once there, differentiate
WD .97/ 10329 rollferatlon of the cells. Préﬁ'i‘éﬁ%/tg?@%ells aré N

response to the ?cal environnment, in necessary phenoty e or

h
phenot ypes to inf 89et8ﬁg stpder “Pi?l?@trl“ﬂﬁs"lyﬁstc‘mﬂ"ttérﬂ%‘al yIes§ice
brains of rats whheh hze tesplo\nedvbr anispl. a,ntssid)f sﬂdﬁﬁammnﬂhétmdy

i | | i . hel | | h [ |

oo egaten in PrbERYARERREIRY' 45 bRe Basencl® of Ml ordith faifidt uider
il lustrating thebOtprppeuissﬁvefcbhdi&abh@.tqnﬂﬁpﬂdﬁeﬂahﬁuialaampnder
themsel ves in thﬁoﬂfa@?m%sﬁ@@&%&ﬁ%@%hs %e,pbaxa%%%aceﬂ RIsTS gTes eI

ti ssue. The pluripotent _nature o
especially suitable for use in the treatment of the

invention. The growth factor may, for example, be used
at a concentration of 10ng/ml.

The temperature-sensitive oncogene which confers
conditional immortality upon cells derived from the H-
2KkP-tsass transgenic mouse can be introduced into human
cells jin vitro. Well known techniques for the
introduction of exogeneous DNA exists and these may be
used, for example, the gene may be introduced by
transfection of the cells. Normal screening techniques
for checking that the gehe has been incorporated may be
used, for example, Southern blotting may be used to
screen for DNA insertion sites. In some cases markers
may be used or, if the ts SV40 large T antigen gene is
used then cells may be screened at the permissive
temperature for expression of SV40 as described in
Example 4.

It should be understood that although the
experiments described in the Examples below have been
carried out using the ts SV40 large T antigen gene to
confer conditional immortality on the cells, any other
gene which is capable'of causing conditional immortality
may be used. Such genes may be constructed from Kknown
oncogenes. For example, a conditionally immortal gene
has been constructed from the c-myc oncogene and is
described by Hoshimaiuaru et al, 1996.

In the experiments on rats which are described in
Examples 6, 7 and 8 below conditionally immortal
pluripotent cells have been used to repair a very
specific type of damage. The uses of cells according to



and their propensity for damaged tissue neans that treatment with cells
froma single cell line of high potency is able to |l ead to conpensation .
for w despread damage of a nunber of different cell types. After
treatment the Qp@iese of the patient may be  nonitored using ReRanseizrs
andtor psychol ogi cal tests and/or, if desirez,-tests which nonitor brain
activity in sel ected areas of the brain. For exanple tests for
cognitive function may be perforned before and after transpl ant ati on.
Preferably, treatment will substantially correct a behavi oural and/ or
psychol ogi cal def tbet invenkien, arkanot kipited &pwappaiy ofsdihate.

Treatment accor di Baetfohlige +PRESGE abRNGR! ! OfrARdpYahEathB ahich any

medi canents and ar naceut | reparations 0 I nvention, nay lead to
i mprovement in fuﬂEFPoﬁfmFBﬁoBFaanb$e?EVé§?QE€tWéﬁh consequens: ovenent
wll be MDrtthl|ngﬁdv@ﬁeﬂg|yﬁ functionJhe nunber of cells to be used wll

vary -dependi ng on the nature ext f the d ed tisSs
Typi cal |y, the nunber 0f€cRR¥FE % eﬁh?ngfﬁﬁﬁsBFﬁﬁPa?F8ﬁ Wh%Fi|%§§ in the
range of about onmpehnodpithébbaratdlle areectakeh andl the. preedisesttimeced

ot be restricted Loade afhGhielaRE i hay Y. 0Tk LAROINANEE MY e

carried out to esen nvent1onis
il lustrated by woakevdesived thenrthe cellsnmusts hPWsHeNav@ebm@M#ndaﬂage.

I'n the point early enough in the developmental pathway that they
have the ability to differentiate into the desired
variety of different types and/or phenotypes of brain
cell types. For example, in the case of cells taken from
the embryonic mouse hippocampus the cells may be taken on
embryonic day 14 to 15. Human cells may be taken at the
equivalent developmental stage. For example, cells may
be taken from human fetuses at about 8 weeks.

Cells which have been removed may be screened in
vitro to ensure that they are still able to
differentiate, in particular, to differentiate into the
appropriate type or phenotype of cell. Different areas
of the brain when damaged may produce different signals,
for example, growth factors, and/or different types of
damage'may cause different signals. The ability to
differentiate may be determined in vitro in the presence
of the appropriate signal, for example, the appropriate
growth factor. Example 4 below describes a procedure in
which the ability of cells to differentiate into neuronal
and glial phenotypes may be shown. ' '

Some behavioural and/or psychological deficits are
caused by the absence of one or more chemicals in an
otherwise healthy brain. It has previously been proposed
that transplants of transgenic cells could be used to
supply the missing chemicals. The present invention is
not specifically concerned with such problems. Although
the cells of the present invention may be genetically
modified to include extra'genes which express desired
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-9- -~ experinents descri bed bel ow conditionally imortal cells used for
t ranspl ant at i oWOA780%8ri ved from the H2K[err]-tsA58 transgenPCT/GBAG2251
devel oped by M Nobl e and his associ ates at*t fe Ludwig Institute for
Cancer Research (Jat et al., 1991). Al cells-fromthis nobuse possess a

t enper at ur e- sensitive oncogene (tsAL8, the tenperature sensitive

mut ant of the SV u ty 0l
interferon-i ndum bI e H 2K[ t?{r]]g gﬁoqr%og‘gﬁ J%ﬁ%ﬁ@t%@ées Ffsbﬁ?\a/‘l1 g5
the permissive tEfpgdfaliges @I‘—‘G\ﬁé’rdltﬂ‘hrt" ey pressny ol nvyentien er ency but

differentiate onityansplantieds! FiFtdrentiste ady ﬁr%mef@ﬁatfoﬁ3§{:§19] bs-
39[err]C). It is his feature that provi des themw th conditional

immortality. Thi §eghf’8\ﬁé‘&"§§ £6TcISHid Sath i dvare dreen 195ksoF rdgpaged.
whi ch then diffemraet celad wehievd rfamatidiiaat Imteq&dtﬁolhoﬁﬁdbf nacé\ or

ori'ginal |y from SREPEPSRESC £6r” BBies 21 98iRe FRo SR s Lo BRFY c day 14
(E 14) hi ppocanpbecone stﬁumaﬁlnM@l pannSOﬁMhhH1bnaxn\mntheanspaanbeimé
those cells, formé&ely'ﬁaébfﬁlggﬁkgieﬁn%ekﬂoﬁpdﬁmﬁiﬂg(Ldﬁfhféiiéiiénter
transplantatlon form tunou her nor
Genetic modification of the cells will therefore usually
be restricted to the insertion of genes necessary for
conditional immortalisation and cloning. Genes required
for cloning may be, for example, a gene providing
‘resistance to a selected antibiotic to enable selection.
Genetic modification to enable secretion of
pharmacologic agents is not preferred.

Methods for transplantation of cells into humans and
animals are known to those in the art and are described
in the literature in the art. The term "transplantation®
used herein includes the transplantation of cells which
have been grown jn vitro, and may have been genetically
modified, as well as the transplantation of material
extracted from another organism. Cells may be
transplanted by implantation by means of microsyringe
infusion of a known quantity of cells in the target area
where they would norﬁally disperse around the injection
site. They may also be implanted into ventricular spaces
in the brain. If implanted into the neonate then they
may disperse throughout the entire brain.

The phrase "intracerebral transplantation"” used
herein includes transplantation into any portion of the
brain. Transplantation is not restricted to the front
and larger part of the brain.

The following non-limiting Examples illustrate the
invention.

Figures 1 to 20 show the results of the experiments
described in Examples 3 and 5 to 8. The figures are as



mort-em hi st ol ogi cal preparations, the transplanted cells (marked by prior
transfection with a lac-z reporter gene) have t he appearance of
differentiated cells appropriate to the rodent nervous system The
cloned cell |iwsreptodw the potential, in vitro, to differentiptPcBY/e251
nore than one phenotype, e.g., into bot h-asbreglial and neuronal

phenot ypes, see Exanple 4 bel ow. The | esi on-and- behavi our nodel in
whi eh we have denonstrated that cloned cell lines are able to restore
function in the damaged brain is one that we have previ ously studied

i ntensively usirme¥i9¥S=conspecific transplants (see Sinden et al.

1995). It utilisegguieS 1 - BneisChhlehricAGHEESE diPlotf Q&HPI\'?%S@hé)Céﬂ U @

(4 VO, S|nulat|QP Qynan heart attack, causes relatively
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of the dorsal %21“ e Suals‘%ﬂgwg'tthhg%m?n%g-'l'ntt'e\f:%eroq'nef(lgl}/m' fest as

difficulty inlo
Figure 3 - shows the proliferation of MHP15 cells at 33°C

and 39°C in SFM with FGF2 (10ng/ml).

Figure 4 - shows the proliferation of MHP15 cells at 33°C
and 39°C in SFM with gamma-interferon (12U/ml) and FGF2
(10ng/ml).

Figure 5 - shows the proliferation of MHP36 cells at 33°C
and 39°C in SFM.

Figure 6 - shows the proliferation of MHP36 cells at 33°C
and 39°C in SFM with gamma-interferon (12U/ml).

Figure 7 - shows the proliferation of MHP36 cells at 33°C
and 39°C in SFM with FGF2 (10ng/ml). S

Figure 8 - shows the proliferation of MHP36 cells at 33°C
and 39°C in SFM with gamma-interferon (12U/ml) and FGF2
(10ng/ml).

Figure 9 - shows the latency of rats in a Morris water
maze over time for sham~lesioned control rats which
received shanm grafts (CON), ischaemic rats which received
sham grafts (ISC), ischaemic rats which received an
implant of CAl cells (CAl), CA3 cells (CA3), or of a
mixed population of conditionally immortal hippocampus
precursor cells taken from a H-2KP-tsaAs8 transgenic mouse
(tsa58).

Figure 10 - shows the latency of rats in a Morris water
maze over time for sham-lesioned control rats which
received sham grafts (CON), ischaemic rats which received
sham grafts, (ISC), ischaemic rats which received an
implant of CAl cells (CAl), of cells of the MHP36 cell
line (MHP36) or of a mixed population of conditionally
immortal hippocampus precursor cells taken from a H-2KP-
tsAS58 transgenic mouse (tsAS58).

Figure 11 - shows the latency of rats in a Morris water



and i nvi si bl e platformin a sw nmmng pool. This |esion and behavi our
model “provides a nodel of cognitive dysfunction occurring as a

consequence of woeraoawn form of brain damage, i.e., transientp d-@ 59‘93225]
bl cod supply to the brain, for exanple, asl®ay occur during cardi ac
arr.est. We have previously denonstrated that, for fetal

cel |l -suspension transplants to restore perfornance in this task, they
must be highly speC|f|c to the damage caused g 4VO. transplants

containing CA 1 pWYAT timg |tox shantiegicned (¢enrkrehnrateowhirhi ng
cholinergic ceMechundIéhaﬂuyﬁﬂfﬁsﬂﬁdvﬂﬁrhlsﬁﬁﬁbmﬁccﬁ&t§ &hQﬁhtbécelved

dent ate gyrus, t cl I am dal CA3) from
t he hi ppocanpus are |%r%f{y &ﬁs a.gsﬁ cg'ga 1% @%IW SE? giyed an
experiments in \Ammantb@lfhchlelalafnaﬂhetempda nesl landi e N passpgeubat gn of

E 14 hi ppocanpal; nqwm@gglthellal cells taken fromthe H 2K[err] - t SAS8

transgeni c nnusegprOV|de effectlve transplants for restoration of
cognitive functi dAo\ket Ri2s -msdpews the latemayaaf Akl iha Moorids water

three clonal cel mazée bﬁ%& t&&kﬁ@oﬂﬂﬁhdmﬂig%iﬁﬂéd|d6ﬁtﬁ6!3ﬁé€§S&H15H0““ as
the C36 cell Ilng) and the MAP3 cell |ine are as ef fective at restoring

cognitive functi i &s F@tEP i 8T afﬁﬁaﬁ§ﬁwant§§ﬁﬂﬂ%ﬂ%ﬁrﬁf whigh sreqeived
cells. The thi rdshamelglralfltlse (t[sﬁ)e;dgstdmdidilal&m lwHidle reEeivedsay known
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pyram dal cells, cell line (MHP3). |
Figure 13 - shows the proliferation of MHP15 cells at
33°C and 39°C in SFM, as in Figure 1 but for days 0 to 6.
Figure 14 - shows the proliferation of MHP15 cells at
33°C and 39°C in SFM with gamma-interferon (12U/ml), as
in Figure 2 but for days 0 to 6.
Figure 15 - shows the proliferation of MHP15 cells at
33°C and 39°C in SFM with FGF2 (i0ng/ml), as in Figure 3
but for days 0 to 6.
Figure 16 - shows the proliferation of MHP15 cells at
33°C and 39°C in SFM with gamma-interferon (12U/ml) and
FGF2 (10ng/ml), as in Figure 4 but for days 0 to 6.
Figure 17 - shows the proliferation of MHP36 cells at
33°C and 39°C in SFM, as in Figure 5 but for days 0 to 6.
Figure 18 - shows the proliferation of MHP36 cells at
33°C and 39°C in SFM with gamma-interferon (12U/ml), as
in Figure 6 but for days 0 to 6.
Figure 19 - shows the proliferation of MHP36 cells at
33°C and 39°C in SFM with FGF2 (10ng/ml), as in Figure 7
but for days © to 6.
Figure 20 - shows the proliferation of MHP36 cells at
33°C and 39°C in SFM with gamma-interferon (12U/ml) and
FGF2 (10ng/ml), as in Figure 8 but for days 0 to 6.



irrespective of the nature of the host brain environnent, are small. Thus

It appears that the cell lines are capabl e of responding to

damage- associ at ed signals so as to differentiate into cells, of one or
moré types, thwo9710329 WO 97/10329 : PCT/GB96/02251
PCT GB96/ 02251 =171 are able to

re-establish the necessary connections and restore the function(s)
di seharged by t he damaged tissue. It is this capacity that provides both

a strategy and material basis for transplant therapies with which to
target a wde ra%%gmgpiﬁéhavioural and psychol ogi cal deficits consequent

upoh an equal | y MREPARATION OF MINEDs ROPULARIGN tCULRTRBESIMan brain, while
circunventing the et higg aﬂp@é%;ﬁr%}:‘ec%l éﬁi}é&mfr%ﬁ%ﬁ&'ﬁifﬁb%éﬁsé hgidse

of human fetal tissues. he two ce I nes have shown
gr eat est abi | i tdy cedd fsuspensiass wise puaranesh aaﬁiéerbo%thtmpsmlsatmn

responsive, i.e. ardSlechliticd) idlds6d i Candiatdlls Pieré f s1#€é@Mat na bot h

perm ssi ve and non- perm ssi ve 3 3 2
concentration of 45x 103 to 50x 10° cells/ml into 10cm
culture dishes. The cells were cultured in DMEM: F1l2
serum-free medium (SFM) with the following additions:
bovine serum albumen (0.0286%); transferrin (0.lmg.ml);
putrescine (16.2ug/ml); insulin (5ug/ml); progesterone
(0.062ug/ml); selenium (0.0383ug/ml); L-glutamine (2mM);
L-thyroxine (0.4pg/ml): tri-iodothyronine (0.337pug/ml);
heparin (10USP units/ml); penicillin/streptomycin
(10,000:1000units/ml) all obtained from Sigma. In
addition basic fibroblast growth factor, previously known
as bFGF and now known as FGF2, (FGF2-10ng/ml) and gamma-
interferon (g-IFN-12U/ml) were added'to_the cells and
they were incubated at 33°C in 5% CO,. Every 2 to 3 days
half the medium was replaced and all the FGF2 and g-IFN.

Example 2
PRODUCTION OF CLONAL LINES

pPGKB-geo plasmid (obtained from P. Soriano) which
consisted of a lacZ and neomycin re51stance fusion driven
by a pGK promoter was grown overnight at 37 ‘C in Luria
Bertani broth and then purlfled using a commercially
available kit (Qiagen, Germany). The purified plasmid
DNA was linearised using the restriction enzyme Sal 1
(Promega, U.K.) then sterilised and resuspended in the TE
buffer at a final concentration of lmg/ml. A mixed
population of hippocampal neuroepithelial cells as
prepared in Example 1 were electroporated in order for
the cells to incorporate the lacZ fusion gene.

Cells were seeded at a concentration of 103 to 10°
cells/plate in SFM (with the additions listed in Example
1) with the appropriate FGF2 and g-IFN additions and



culture in the presence of that growh factor, whereas the third cel
line rs only slightly responsive. Cells and cell lines which show
significantly woaraered proliferation in response to the addipdpgsedoas;
gromh factor to their culture environmert 18 e-therefore generally
preferred. The cells may be tested under perm ssive conditions and/or
nonper m ssi ve conditions. Cells showi ng the greatest increase in
proliferation are general |y nost preferred. The growm h factor used to
te§t the cells %ﬁ%ﬁ?dzﬁrbﬁﬁrﬁbt9ebEe@pBWoﬁﬁﬁarepgécﬁﬁeW&ﬁ@aS@M t he

brain in which theowedisingech s epserebn cyﬁfeukeeantibaowi@oﬂfzzfo%b‘)?nl)
secreted in that area. For exan?le, cells intepded for the repair "0
tissue in the hY HPRtdalled erlycghesencedis vhich haduingonponated
fOel S respon;i ve tite g¥dsmie goreestl meﬁergme &hgfépreg.bt ggq%c growt h
actors may be us tin .J.ncludin n . e
i nventi on therefofé%%#géfgﬁs gﬂﬁ%f“%dwﬁg Fggf?ﬁﬁa 9c§hp?i§ﬂﬁ§smﬁ veskang a
popul ati on of celthe cdekls werelilefhafoy 4ntor6aweeksrtpoaddibw clones to
neuroepithelial Ceéderlopine in vitro and culturing portions of the cells

under perm ssive conditions, in the presence and absence of a growh
factor, for exanple, FIgnesrthafetéere salected were discrete from one

another and picked using glass cloning rings which had
been dipped in silicon grease. The clonal cells were
transferred to 24 well plates after a brief incubation of
5 mins with EDTA/EGTA (1:100) solution at 37°C. After
several days these cells became confluent and were
transferred into 6 well plates and then into 10cm?
culture dishes, thereafter being treated exactly the.same
as the mixed population non-transfected lines, as
described above, with the exception of the G418
additions. Of the 32 clones picked, 9 clones were
expanded into permanent cell lines.

All of these clonal hippocampal lines were shown to
be conditionally immortal: cell counts by chromogenic MTT
assay showed 1-2 x103-fold proliferation from original
plating densities in permissive conditions in serum-free
media without added FGF2 at 2 to 6 days in vitro
(hereinafter referred to as "DIV") with a rapid reduction
in plated cell numbers at nonpermissive conditions
(39°C, gamma~IFN). The hippocampal neuroepithelial
population from which these lines were derived, however,
required supplementation with FGF2 for proliferation.

Two of the nine lines were, in addition, FGF2-responsive,
substantially increasing their proliferation rate in both
permissive and nonpermissive culture in the presence of
this growth factor. |

Lines have been maintained for multiple passages and
frozen stocks have been thawed and cultured without
change of phenotype. '
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- 12 - proliferation of the cells. Preferably the cells are al so
tested under nonpernissive conditions. Those cells whi ch are responsive,

i.e., show si gﬁjﬁ{déa’?ﬁygl y increased proliferation in the pr eseﬂf’ﬁf.}%ﬁ u{r%gler

growt h factor bot h perm ssive conditijgns, and preferably al'so
nonperm ssive conditions, appear to be cells which are especially

sui table for use in the treatnent of the i nvention. The growth factor

may, for exanple, be used at a concentration of 10ng/m. The

t enper at ur e- sensi Exagpdec®gene whi ch confers conditional imortality upon

| ts derived f = '
“htroduced nto NRCHEFERATIGN GF | CLPRAR LIRER BRRLE SRH°EHERE, 3R yrrmo
i ntroduction of exogenéGell Dhitnesi ¥HB3Gnand HB1hnyebe PreydQusilyr kapyimpias
the gene may be |@3¢ Ogdcly BVreshLBBELERY ! ONpAil E36 ARk 215 ReFRrentkaen! NG

t echni ques for checking t e gene een | ncor, por d may

- por at e
used, for exanpleYeE%u¥ﬁ@¢ni%I5hFiﬂgphﬁﬁaB%°ﬂs§H°Fo“h1§Br§9§sfGP’ENRt

insertion sites. AppPPERtIGSCS1aPhL CpPior iy . berHeededl, lihekhares th¥4@ane
| arge T antigen genge, is, used thep cells be sgcreened,at the perm ssive
temperature for e§5f£s§+ﬂﬁsof°§iﬁoggﬁ ﬁ%@%g?%%ﬁeiﬁ anggg le 4. | t
shoul d be understood t¢ellsl fiomgtwdhef the permanent cell lines were
plated at a density of 8-12 x 103 cells/well into 96 well
plates in serum free DMEM:F12 medium (SFM) with the
addition of basic fibroblast growth factor (FGF2-10ng/ml)
and g-interferon (12U/ml) for 24 hours at 33°C with 5%
CO,. Following this period all of the medium, FGF2 and
g-interferon was removed and each column consisting of 8
wells was treated with either:
(i) SFM with no supplements;
(ii) SFM with g-interferon (12U/ml):
(iii) SFM with FGF2 (10ng/ml); or
(iv) SFM with both g-interferon (12U/ml) and FGF2
(10ng/ml);
for 2, 4, 6, 8, and 14 days in vitro at either 33°C or
39°C. Cells were counted at each time point under each
temperature and supplement condition using a chromogenic
MTT assay. Both cell lines show clear temperature
sensitivity in SFM both with and without g-interferon:
cells rapidly proliferate up to 200 fold plating density
at the permissive temperature (33°C), but show minimal
proliferation at the non-permissive temperature (39°C).
The addition of FGF2 enhances proliferation at both
temperatures in the MHP36 line; but has only a slight
effect on the ﬁHPlS line; indicating the cell lines
‘differ in their responsiveness to this growth factor.
Figures 1 to 4 show the results for the MHP15 cell
line for up to 14 days and Figures 13 to 16 show the
results in greater detail for days 0 to 6. ‘Figures 5 to
8 show the results for the MHP36 cell line for up to 14



experinments described in the Exanpl es bel ow have been carried out using
the ts SV40 large T antigen gene to confer conditional immortality on the
cells, any othewo9rg6320 Which is capable of causing conditional li(ﬁvﬁf!;ﬁ!{zﬁly
may be used. Such genes nay be constructed f+ @0 known oncogenes. For
exanple, a conditionally imortal gene has been constructed fromthe
c-nyc oncogene and is descri bed by Hoshi maiuaru et al, 1996. I n
the experiments on_rats which are described in Exanpl es 6, 7 and 8 bel ow
conditional |y i moi?¥%F ang|Figyresnt7 cee| 30 habewpthe Hesults impgreaterery

speci fic type of dregil fde disas ftged! s according to WO 97/ 10329
PCF GB96/ 02251 - 13 - the invention are
not limted to repair of that particul ar type of damage. Transpl antation
into any area @xdamplér4in is envisaged with consequent i npr ovenent

in function.. MuP1E Wl e 'EONAT ety 2LENES OHAVE' RBURSRAL aND cLIaL
POTENTIAL WHEN DIFFERENTIATED IN VITRO. .

Cells were prepared for immunocytochemistry using a
range of markers under both permissive conditions (33°C
plus g-interferon with added FGF2) and nonpermissive
conditions (39°C) in SFM with the addition of the
differentiating agent dibutyryl cAMP (1mM). 50-100 X 103
cells from each line were plated on fibronectin treated
chamber slides in SFM with FGF2 and g-interferon at 33°cC
for 48 hours. Half the slides were fixed at this stage
and the other half had media removed and substituted with
SFM containing 1mM dibutyryl cAMP and maintained at
39°C. These slides were fixed after 2 to 8 days in
vitro with 4% paraformaldehyde. The Table shows the
proportion of all cells in 5 randomly selected fields
expressing the marker for progenitor cells, Nestin:; the
neuronal marker, neurone specific enolase (NSE): the
glial marker, glial fibrillary acidic protein (GFAP) and
the marker for the immortalising gene antigen, SV40.

Both cell lines show neuronal and glial phenotypes after,
but not before, differentiation.

MHP15 CLONAL LINE

DAYS IN VITRO-~ NESTIN NSE GFAP SV40

TEMPERATURE %2 cells % cells % cells % cells
' labelled labelled 1labelled labe;led

2 - 33°C 100%0 00 0t0 100+0

2 - 39°C 100%0 12.4%+2.2 3.8%+1 100+0%*

*SV40 is down-regulated after 4 days in vitro in the
MHP15 line.



neuroepithelial cells are taken and the precise tine (stage and

devel opment) may vary. If pluripotent cells are desired then the cells
nmust, however, be taken at a point early enough in the devel opment al
pathway t hat ttvgyg-,,mﬁgave the ability to differentiate into thepEpgBdcstas:
variety of different types and/or phenotypes 2af -brain cell types. For
exanple, in the case of cells taken from t he enbryoni ¢ nouse hi ppocanpus

the-cells nay be taken on enbryonic day 14 to 15. Human cells may be
taken at the equi val ent devel opnental stage. For exanpl.e, cells may
be taken from hunman fetuses at about 8 weeks. Cell s whi ch have been

rempved may be ch%%%@dcpﬂNAL FINEo to ensure that they are still able to
differentiate, rticular, to dlfferentlate into the approprlate type
or phenot ype of c%é# % At ar

duce di f f '&Y f TmftgﬁEbr;?cﬁép;
P;gegcgf | Séﬁgée may cause d|?¥er %? i%ﬁ § gto ?Pﬁ Esdorlab f% gnt

differentiate may,bg getermned in £Q i n thgopresenc of th .
appropriate signa % fo? gxarrpl e, thielbéapgr oprlgt‘e gr o%ﬂ facto %E)%grrpl e

4 beIOM/describesza43§m@dure in h theggbilyty of c ] to +
differentiate into neuronal and g@@+? phenoty%es nay S h 35, 38.6%16.1

Some behavi oural and/ or psychologlcal def|C|ts are caused by t he

absence, of one ofurfhieér CIFATF£EE e .atggr~p .araln It has

previousty been propoygl e Tt H pepldnt s of ateag e chll s cauly oo

‘specifically cond@FWiekh haoth speimissivensnd Mohpeghissive culture. It

' was found that the cells were >95% X-gal labelled (i.e.

showed a histochemical reaction to the B-gal transduce
marker) in permissive conditions. The cells were also
tested with two further antibodies, one for the neuronal
marker PGP 9.5 (Wilson et. al., 1988) and one for
bromodeoxyuridine (BrdU) after one hour incubation with
BrdU labelling medium as a marker for dividing cells. 1In
permissive culture BrdU stained cells were found
throughout the culture. There were no PGP 9.5 cells in

permissive culture.

Following a switch to nonpermissive conditions in
serum-free media (SFM) without additions, this cell line
stopped dividing and the majority of cells died without
differentiating into mature neuronal or glial phenotypes.
However, in the presence of forskolin or retinoic acid
(both of which are differentiating agents) the cultures
could be maintained for longer periods (5 - 14 DIV) and a
proportion of the cells showed neuronal or glial
phenotypes by 2 DIV. The MHP36 cells showed a flat-cell
morphology in the presence of retinoic acid (109 M) with
a number of GFAP-positive fibrillary cells, SvV40
expression was reduced to 30% and BrdU staining to 5% of
cells; no PGP 9.5 stained cells were found. In the
presence of forskolin (10~8 M), however, bipolar PGP 9.5-
positive cells were frequently found, many cells having



the cells of the present invention nmay be genetically nodified to

I ncl ude extra genes which express desired WO 97/ 10329
PCT/GBQG/OZZS;” T, - 14 - pr oduct
not usually be ﬁgzégggry because the cel Lsppsed according toﬁwﬁaagagﬁght

i nyention, once transplanted, differentiate and then function fully as
repl acenents for cells which have been | ost or danaged. The cells achieve
functional integration and replace or conpensate for the m ssing or
damaged cel |l s. THopg neydid a gnovessesl |[GRAP-cftaimedriibribs heeré hast

bei n nerely a e of I

nodi ?l cation gf f%ga?eﬁﬁs%wtﬁ %‘{%}%%dr e"&é’ﬂ%ﬁﬁﬁ@é&&?’{ g'sséér)lr% wdcf%gﬂﬁ%ted
i nsertion. of gend&onddsofr rot@al ceddsdi tar@mzﬂrd%ﬁ#amlirymwm found| bmi 4.
Genes required oEO&n@le&u%&r@ﬁy H%es%okrﬁ&QWEé%fd%ﬁﬂaﬁfdBﬁggéﬁ{gbat

resistance to a selected antibiaotic to enabl e "sel ection

modi fication to MHEHCe 1Se& Rl Rotent, Raurado RFACUERAtGel) hine whose
preferred. liNehbedgater ily atspleagitapadt 19’ detldrmindd ﬁwm{bﬁx@m’e

signalling.

Example S

Grafted H-2KP-tsass hippocampal precursor cells,
like cell suspensions of CAl cells, restore spatial
1eérning and memory in rats with ischaemic lesions of
CAl. :
The effects of grafts of cell suspensions of E19 CAl'
(CAl), E19 CA3 (CA3) and expanded cultures of El14
transgenic H-2KP-tsaAss hippocampal neuroepithelial cells
(tsA58) (harvested at Passage 5) on acquisition of a
hidden platform position in the Morris water maze
following 15 minutes of 4VO ischaemia (ISC), producing
selective lesions to CAl were studied. The methods
described in the paper by Sinden et al, 1995, especially
those described in section 9 of the paper, were followed
except where indicated to the contrary. The paper gives
details of the method used to cause ischaemia, of methods
of transplantation and of using the Morris water maze
test. A brief summary of the procedure is given below.

Transient global ischemia was induced in male Wistar
rats by the 4VO method in which the vertebral arteries
were electrocoagulated through the alar formanae on the
first cervical vertebrae, under 2% halothane anaesthesia
(in 70% nitrous oxide and 30% oxygen), and silastic ties
were inserted around the carotids and brought to the
surface. Twenty four hours later the ties were tightened
and clamped for 15 minutes. Rats that failed to lose
righting reflex within two minutes were not included in



aninmals are known to those in the art and are descri bed inthe literature
in the art. The term"transpl antation” used herein includes the

transpl antation of cells which have been grown in vitro, and may have
been genetical woowagh fi ed, as well as the transplantation of pel/eBd6d2251
extfFacted from another organism Cells may be3 transpl anted by

I npl antati on by nmeans of m crosyringe I nfusi on of a known quantity of
celks in the target area where they would nornally di sperse around the

Lo oL TR bR A e BpYaRY bR 3 BAERCR k"
t hr oughout the enandelbgnecaine appliéaé.phrase "intracerebral

transpl antation" used 4 _bebejLadiC S [ I NiQ..ak tion of
t he br ai n. Transplah?a ?oﬁtgégﬁo%gggét?%ggeggﬁg§§ﬁe???%nPgrﬁgﬁagﬁérger
part of the brai nculture angcresuspendednin- Hank! snhairaapfesalk| godlngieon

the - invention. with 1mfl SLEEEtY1LI0-dPsEEPMe! PBal@SEOE SgPAFLRAGEXPRREMENT S

described |0 EXapled 3uald SulSed wilh 5 SHE§Ind" SuBnymiaine T fhouss?

PCT/ GB96/ 02251 P BC3gml ym s
before removal.

Grafts were bilaterally targeted to the dorsal Cal
cell field (2 sites/hemisphere, 2 pl/site, 25K cells/ul
for each cell-type graft) and rats were grafted 2 to 3
weeks after ischaemia surgery. The rats with grafts of
tsA58 cells were treated every other day for 14 days
post-transplantation with the immunosuppressant,
cyclosporin A (Sandoz, 2.5 mg/rat in Cremophore EL,
i.m.).. Training (2 trials/day) began 12 weeks post-
transplantation (Number of subjects (Ns) = 7 to
11/group).

Sham-lesioned control rats underwent cauterisation
of the vertebral arteries but no ligation of the carotids
and then received sham transplants. Sham transplants
(grafts) were carried out by lowering the graft injection
needle to the appropriate site without making an '
injection.

The water maze consisted of a black polypropylene
circular pool (2m diameter, 0.5m high, with 0.25m depth
of water at 26°C, rendered opaque with the addition of
200ml milk). The escape platform was a 9cm clear perspex
closed cylinder, located 0.02m below the water surface in
the middle of the North West guadrant of the pool. At
the start of the trials, rats were placed in the pool
facing the wall and allowed to swim until they found the
platform, where they remained for 10 seconds before
removal. A rat which failed to find a platform within 60
seconds was guided to it by the experimenter and the
maximum latency scored. Start positions were designated

as North, South, East or West and, in pseudorandom order,



fol |l ows: Figure 1 - shows the proliferation of MHP15 cells at 33 C and
39 Cin SFM Figure 2 - shows the proliferation of MHP15 cells at 33 C
and 39 C in SFMO®¥HW32nma-interferon (12U 92 Fi gure 3 - shpa¥/GH9602251
proliferation of MHP15 cells at 33 C and 3 Terr]Cin SFM wi t h FGF2
(10ng/ m ). Figure 4 - shows the proliferation of MHP15 cells at 33[err]C
and 39 Cin SFMwith gamma-interferon (12U m) and FGF2 (1ong/ m).

Fi 5 - sh f Mgg3 in
SR Rigure 6 - DR aeark BeRhEOR18ke REOERETEAB ORI sy il pBie !,
39 Cin SFM with gaFkBnEnfEPMeisnwereunsep. each gaye 7 Thesiiwid tpath was
proliferation of MiE8gaedl b§ ah §ﬁ&eérAﬁalyamﬂg3%FGNHP3§'ﬂgﬂesﬁll\ﬂlﬁsﬁg 3&/9111) .

(10ng/ m) . Fi gure &ﬁ the proliferation o 3[err

and 39 C in SFM wPPH gamrga YeFPBVBRted2EntP) . 1@nag 2L namjaptiignal

Figure 9 - shows. mbasheésncy of rats in a Morris water maze over time for

sham | esi oned contr ol ts_which received shgamqr aen1c

rats which received gﬁﬁn?ﬁfaﬂgafl 5@?,“’? Eﬁagmsgaf‘&&?% 'd\:lﬁ’rrsei@

i npl ant of CAl cegrgupswlrmehﬂecerbup$CKBPaYsriotexacunqnuquqhdeﬁnaﬁysﬁs

condi tionally i rmaft@éri‘éﬂ@@ca”EHEencPrEBUHR& thk' p1hUES CF %he

H 2Kl err] -tsA58 transgenic
ischaemic rats w1th both CAl and tsAS58 grafts was not
significantly different from unlesioned controls {sham-
lesioned control rats which received sham grafts) (CoN),
whereas the other ischaemia groups with CA3 or sham
grafts were significantly impaired relative to the
control, CAl and tsA58 groups in latency and other
measures of spatial learning. Post-mortem analysis
showed similar selective CAl neuronal loss (70-75%) from
host CAl in all ischaemic groups including each of the
grafted groups. Graft survival was excellent in all
grafted groups.

Latency in the Morris water maze test is the time

taken for a subject to swim to a hidden platform.

The results are shown in Figure 9.

Example 6
. A clonal cell line (MHP36) derived from H~-2KP-tsAS8

hippocampal precursor cells, restores spatial learning
and menmory in rats with ischaemic lesions of CAl.

The effects of grafts of cell suspensions of E19 CAl
(CAl), expanded cultures of El4 transgenic H-2KP-tsaAs58
hippocampal neurocepithelial cells (tsA58) (harvested at
Passage 5) and an expanded clonal cell line (MHP36)
derived from El14 immortal hippocampal precursor
population on acquisition of a hidden plétform position
in the Morris water maze following 15 minutes of 4VO
ischaemia (ISC), producing lesions ‘of CAl were studied.
Methods were as described in Example 5. MHP36 cells were



(tsA58). Figure 10 - shows the latency of rats in a Morris water maze
over time for shaml esioned control rats which recei ved shamgrafts
(CON), ischaem c rats which received sham grafts, (1SC), ischaemic rats

whi ch receiveqwagpumbgplant of CAl cells (CAl), of cells of th?c&%ﬁ@@dﬁ?ﬂ
0

i ne (MHP36) or a m xed popul ati on of cenaisti-onal |y I morta

hi ppocanpus precursor cells taken froma H 2K[err]- t SA58 transgenic
nouse (tsA58). Figure 11 - shows the latency of rats in a Morris water
WD 97/ 10329 PCT/ GB96/ 02251 maze

over tinme for shaffPe¥edntronpermissive qltwre avderesuspandedr éntHank’s
, ischaemc ; | i tS- ' ' S
(CON) bat gndéd %I?Céc‘de%%r% Stﬁ?feﬂ %ﬁfx R é{:?@ll.ﬁigﬂc(:%éﬁgﬁﬁ@ Peé&%

whi ch received an |¢glan1 0 P36 ce assage 24 t
32) (MHP36).  FifRF 9Hu3Lttingiows the latency of rats in a Morris water

nmaze over time for shaks | BsiDAab X)) Yrdfis wdire bild€6FaVPd capgeedf £6

(0o, i schaemic yigl el EEPRLAET 1 0T H" A E8s IS sphFL2F §1 1 S,
25K cells/ul for each cell-type graft) and graft surgery
was conducted 7 to 14 days after ischaemia. All rats in
this experiment (including ungrafted (sham-graft) and
unlesioned (sham-lesioned) controls) were treated every
other day for 14 days post-transplantation with the
immunosuppressant, cyclosporin A (Sandoz, 2.5 mg/rat in
Cremophore EL, i.m.). Training (2 trials/day) began 12
week post-transplantation (Ns=7-11/group). The error bar
indicates 2 standard errors between groups from the
Groups X Days interaction of the analysis of variance.
Replicating our first experiment, latency to find the
platform for the ischaemic rats with both CAl and tsA58
grafts was not significantly different from sham-lesioned
controls, which received sham grafts, (CON). Moreover,
the MHP36 clonal cell line grafted group was also not
significantly impaired compared to the control, CAl and
tsA58 groups. The results of these experiments are show
in Figure 10.

The experiments demonstrate that the transplanted
precursor cells appear to respond to signals from the
damaged brain by taking up a phenotype able to replace or
compensate for the functional deficits to which the
damage otherwise leads.

Further, analysis of variance (ANOVA) with repeated
measures showed significant main effects of Groups (F;_ 3g
= 2.92, P < 0.05), Blocks (F5_ggg = 36.50, P < 0.001) and
a significant Groups X Blocks linear coefficient
interaction (F4 ,ggg = 3.23, P < 0.02). t-Test
comparisons between linear coefficients revealed that the
ischaemic-sham transplant group had significantly
impaired escape latency performancé compared to the



I mpl ant of cells of the MAP36 cell |ine (MHP36), of cells of the MHP15
cell -line (VHP15) or of cells of the IHP3 cell line (IVHP3). Figure 13 -
shows the pro on of MIP15 cells at 33[err]C and 39[er {H96/012%1
as in Figure }%%utﬁ%r days 0 to 6. Fi g @6l4 - shows the prgll:ﬁ‘deﬂr;atlon
of MHP15 cell s at 33[err]C and 39[err]Cin SFM w th gamma-interferon
(12U m), as in Figure 2 but for days 0 to 6. Figure 15 - shows the
proliferation of MHP15 cells at 33[err]C and 39[err]Cin SFMw th FG-2
(10ng/ M), as i rcMMERL 3nd the threeagrafted groupsi (minimem tsgows t he

~ proliferation ofy w15pc<eldSo@i téé[sa.gi{?ﬂ ﬁ%ﬁéﬂ:ﬁ:h& g%%wehh

gama- |nterferon an ,..as in but for days
0to 6. Figurd :B”Qs 9@&§1ﬁ¥ﬂf¥%ﬁ%ﬁlb bffﬁFPBB°B€IF99E591VS§[éﬁﬂFC

and 39[err]Ci|1ﬁ§@A<f¢s|rnﬁbwm§eo§ imf@is€anses revbaledFsinigald -

shows the protiferation VHP36. ceIIs at err]C and 39[err]C in SFM
W th gamma- mter?‘btr(im“ S_L%tﬁi rﬁ')e laten @‘Elf%éﬁ but for days 0 to 6.

Figure 19 - shows the prollferatlon of VHP36 cel |l s at 33[err]C and

39[err]Cin SFNQE&?ﬁﬁﬁgﬁg (IOng/mM), as in Figure 7 but for days 0 to 6.
Figure 20 - sho liferation of MHP36 cells at 33[err]C and

39[e}r]C in SFMwi th gamma-interferon (12U m) and FG-2 (10ng/m), as in
Figure 8 but for daysHe twatler maze tests of Examples 5 and 6 were

repeated in a further set of experiments, see below. (In
these experiments all rats were immunosupressed by
intramuscular injection of cyclosporin-A (2.5mg/rat in
Cremophore EL) every other day for 15 days post-
transplantation. The.results are shown in Figures 11.

In that figure the mean time taken to find the platform
is expressed as a function of two-day (4 trial) blocks of
training. Bars show 2X s.e.m. from the Group X Blocks
interaction of the analyses of variance.

These results further confirm that grafts of MHP36
cells are able to reverse ischaemia induced learning
deficits. Both control (sham-lesioned rats which
received sham grafts) and MHP36 groups showed
significantly faster escape latencies and shorter swim
distances to the escape platform than the group with
ischaemia which received sham grafts.

An ischaemic group with grafts of MHP36 cells (P24~
32) (N=12) (closed squares) was compared to ischaemic
which received sham transplants (N=10) (closed circles)
and sham-lesioned controls which received sham
transplants (N=10) (open circles) on an identical water
maze procedure. The ANOVA of escape latencies showed
significant main effects of Groups (F; 39 = 27.80, P <
0.001), Blocks (Fg_ g74 = 54.72, P < 0.001) and a
significant Groups X Blocks interaction (Fjg.g74 = 5.81,
P < 0.001), with a significant linear coefficient
interaction (Fy_ g74 = 23.31, P < 0.001). t-Test
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- 17 - Exampl e 1 PREPARATI ON OF M XED POPULATI ON CULTURES

H ppocanpi were dissected fromE14 H 2K[err]-tsA58 mice, A cell

suspensi on was_pre %ir,ed after both trypsinisation and rrecha;}i,(%l :
di ssoci ation a ¥ were pl ated at a cocentration of 45 FBW']”T'O
50x 10[err] ceIIs/n1 into 10cnferr] culture dishes. The cells were
cultured in DVEM F12 serumfree nmedium (SFM with the foll ow ng

addi ti ons: bovi ne serum al bunen (0.0286%; transferrin (0.l ng.m);

putresci ne (16. 2[eomi>gti:rs¢nsineudvéén(Bimea}g/did:éffi)cbgns‘serenealed that the

(Lot Egrzg)ilr ;]egég )4[ e$$+§%¥§] é‘??'(f??’gs%'gr ri/%b%ﬂ %ﬁouy%ﬂ%@%&ﬁ}é?%tly heparl n

(1QUSP units/n); ippaired| és¢ape ehavency rperft@maﬂcé g¢ovpanedstal both| the
obt ai ned 1rom S1 ggnedd) andChd | P PASIFadd %@Lﬁi R AR InEACEYL ~ .54,

previ.ously known now 2-10ng/ m

“gamma- interféefoh ‘EQOWENE 1ehe eentEe L %e’é"?o‘“ﬁl 26 cBrPUPHare nekey

were incubated atsSglriddntIy 33 EEwent . (E?/%Hj 2.6D) 3 daNovas bal Ewike
medi um was repl ac&.st‘?‘anrgcéle Ialné hc?ttfec%': ngélgu N? spatial learning in the
water maze were entirely consxstent with the escape

latency results.
Example 8

The experiments in Example 7 were repeated using
grafts of cell from the MHP3 and MHP15 cell lines. MHP3
is one of the nine clonal cell lines mentioned in
Example 2 above and is one of the cell lines which showed
responsiveness to FGF2. The results are shown in Figure
12. Also shown in that figure are results for control
rats (again sham-lesioned rats which received sham
grafts), ischaemic rats which received sham grafts and
ischaemic rats which have received an implant of cells of
the MHP36 cell line, as in Example 7 above. For MHP3
and MHP15 N=9. As may be seen, grafts of MHP3 cells
produce as effective learning performance as those of
MHP36, i.e., significantly faster than for the ischaemic
group, but not significantly slower than for thé control
group. Grafts of MHP15 cells produce intermediate
effects, i.e., significantly faster than for the
ischaemic group, but also significantly slower than for
the control group.

Example 9

~ Post-mortem ischaemic brain damage in
Experiment 7A was assessed from cresyl violet stained
sections by two independent observers in cortex and



Exanpl e 2 PRODUCTI ON OF CLONAL LI NES pPGKB- geo plasm d (obtained
from:P. Soriano) which consisted of a lacZ and neonycin resistance
fusion driven wodmospG< pronoter was grown overni ght at 37[ ereGI@&GBYs/d2281 a
Bertani broth and then purified using a coma&i-ally avail abl e kit

(Q agen, Cermany). The purified plasmd DNA was |inearised using the

restriction enzyne Sal 1 (Pronega, U K.) then sterilised and resuspended
in the TE buffeg at.a fipnal concentration,of Ing/m. A mxed
popul ation of hi pBbEARPYR ﬂEuFB@p%?H%FFaP“QeFPSaE§as CAlzfaPEdthE Exanple 1

}Nere el ectr opor at eijppocanpes éertwodﬂget?efl Se(rél*stnco?ﬁi)ﬁétﬁ Eheel-ﬁelnt
usi on gene. e seeded_a concentratio

10[ err] cel I s/ BFa %§b|%§séﬁm?ﬁftﬂa§hg°aﬂg|%Poﬁ§Y|FE?é8"|HLE§§nﬁLéL CAy
with the approprlwdtthﬁe exceptidiN afidtwoonatanthat shoW&i91i 183283 cell

PCT/ GB96/ 02251 os a 24 hours the
medi um was replaced ﬁdthlggﬁrend%%%%%J%Fn %ﬁngfagﬁ%Steglggiﬁﬁé avera
antibiotic) (200[%h¥]¢#}d )loss at the 1evel of maximal 1schaem1c damaqe

(inter-aural anterior 5.7 mm) ranged from 80% in the
ischaemia plus sham transplant group'to 90% in the
ischaemia plus CAl graft group, with no significant
differences among the ischaemia alone (sham-graft) and
ischaemia~-plus-graft groups. Transplants of E19 fetal
CAl cells formed a circumscribed graft mass located above
the CAl-damaged area, similar to those previously
reported. JH-thymidine~labelled expanded population cells
were found dispersed throughout the entire hippocampal
formation, the corpus callosum and the overlying
neocortex; some clusters of labelled cells were found
within the lesioned CAl cell layer. Grafts of X-gal-
positive MHP36 cells had a much more restricted
distribution: other than adjacent to the needle track,
labelled cells were shown to be confined to the
hippocampus. This probably reflects both a greater
sensitivity of the radiocactive label, as well

as a down-regulation of B-gal expression over the long
survival time in these experiments. As pilot experiments
had shown when grafts of MHP36 cells were made into
unlesioned hippocampus, the X-gal-positive cells

appeared to integrate into all CA (but not dentate gyrus)
neuronal cell-body layers. (Discrete labelled cells were
found in the hippocampal tissue and particularly in areas
CA3 and 4.) However, unlike the case of grafts into
unlesioned hippocampus, dense aggregations of X-gal-
stained cells were additionally found within the
ischaemic CAl cell layer. The degree of engraftment
varied between rats such that aggregations were in a
small proportion of the CAl field, or almost fully



whi ch woul d all ow only those cells which had incorporated the plasmd

correctly to be able to express (418 resi stance. Medi um was replaced 2
to 3 tinmes a week and the cells were left for 4 to 6 weeks to all ow
clones to VY 91/90329 Clones that were sel ected were di pereipo6iizaein

one another and picked using glass cloni-h@92i-hgs whi ch had been di pped
in silicon grease. The clonal cells were transferred to 24 well plates
after a brief incubation of 5 mns with EDTA/ EGTA (1:100) solution at

37[err]C. After several days these cells becane confluent and were
transferred i nt oPBPHARFeqd| theslestionad@nfiald wothiar a] Particudas geskdsn,

thereafter belngappsﬁéﬁﬂ 6%a§étu Rhgaﬁansnd ﬁfsémesﬁhlﬁédpgaékibhgn For
non-transfected |LInes bed. above goung excggtlon of the Gn18
X

addi tions. O th&* %?p£?0n%gmﬁ %?%ﬁeg§tt?ﬁﬁe§eﬁ5r P88 SAME per nmnent
cell lines. hemi$pherfe tdestifierent hpppntanpdbnyi the roserskeaadad be

dirti |1 | _ | h d 1- 2
c20Lerr] ol o prakis oot Fis offdded, Gl CTeTERY RRok Enis TR T ORERR: o 7 ve
conditions in scthak feebls ofdihe IHPRGIt celitictiifGrRave & pvopPedsytyi tovitro
(hereinafter ref@&éﬁﬁbé@ea§n"éﬂéfieé&éﬁbé-éﬂP'HeﬁEQHSi'QQ¥ﬁr'” pl ated cel

nunbers at nonperm ssive conditions (39 C, ga e hi ppocanpa
neur oepi t hel i al popul at i on # roHRGTFUr$@ csEUdy nak RE?emH@F?Véﬁn abvever,

required supplennsmealeunqraftéa}ﬁhésm ¢eDlsf Phais6RaenidWPatE,t 18iAgNe

lines were, in addifi G2-re S|ve ubst ant L al i ncr easi g their
proliferation ra?rgtﬁ né)b%qi lmmuno hémls'g é 1aenl:¥fy gra?@eg
cells has shown that migration to and aggregation at Ccai

is complete by 4 weeks post-grafting.
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The present invention is not to be limited in scope
by the Examples given above which are intended to
illustrate the invention. Indeed, various modifications
of the invention in addition-to those shown and described
herein will become apparent to those skilled in the art
and are intended to fall within the scope of the appended



perm ssive and nonperm ssive culture in the presence of this growth
factor. Li nes have been maintained for nmultiple passages and

f rozen st ockswmemiobzeen t hawed and cul tured \elithout change BET/GRASERhHe.
WO 97/ 10329 = 30 = pcr/ GB96/ 02251

- 19 - Exanpl e 3 PROLI FERATI ON OF CLONAL LI NES IVHP15 AND IVHP36 | N
VI'TRO (Cell T'ines MHP36 and VHP15 were previously known as . C36
and C15 respectiyglipsg The C36 and C15 references were used in the
application from whi c% this current application clains_priority. The cell
lines are the same Th# |content of|the pborgmrentienedahiterature . Cel|s
fromtwo of the RefgFiRMs Gl RéF@Sy \Hidorpot#tadl By Pefepehty.of 8-12 x
10[err] cells/well into 96 well plates in serumfree DVEM F12 nedi um
(SFM with the addition of basic fibroblast growh factor (FG-2-10ng/ m)



and g-interferon (12Lvn1),mﬂ 33[err]C with 5% CJerr].

Fol Lowing this period all mmmmmgm GF2 and g-interferon was
renmoved and each col umm coh5|%t|mgno well's was treated with either:

(i) SFMwith n nts,; (i) SFMwith g-interferon (12U )
SFM-wi t h FGF2 %%ﬁhﬁm  (iv) SFM with_ bgjh_g-interferon (%ﬁFﬁfﬁ’HZtﬁd
FGF2 (10ng/ m); for 2, 4, 6, 8, and 14 days in vitro at either 33[er]C
or . 39[err]C Cells were counted at each tinme point under each

tenperature and suppl enment condition using a chronpgeni.c MIT assay. Both
cell lines show cidaimsenperature sensitivity in SFM both with and

Gensity  ar the Berm AiErnpa B8, SripBaghk; B popthalolitar R "
proliferation at Pﬁ&cb@dopepnﬂsdefecﬁenphﬁahup@mp&ﬂaasqnmtracéﬁabnnkﬁtion
of FG-2 enhances EE&BBB&%@%%@?O ?Ohhbﬁﬁ%ggPﬁiﬁE%lﬂ e@fégifwiqyaqqn ehﬁés

but has only a slbg . catlng the Ce
differ in their H6ﬁ§P@6ﬁ§s§eﬂ§°ﬁﬁi§h§léﬂ@hcﬁééﬁor - Figures 1 to

4 ShOM/thehFESULta fOfAthétNHalﬁsCéhhlmed|hﬂefﬁ?EmUﬂ Wheke it estad Fohour es
13 10 10 Shon e oo ERYk: Bunfe oase oS e B pleee and'rter
transplantation.
3. Pluripotent, neuroepithelial cells for therapeutic
use, especially the treatment of a behavioural and/or
psychological deficit. '
4q. Use of-pluripotent, neuroepithelial cells in the
manufacture of a medicament for the treatment of a
behavioural and/or psychological deficit.
5. The invention as claimed in any one of claims 1 to 4
wherein the cells are conditionally immortal.
6. The invention as claimed in claim 3 or 4 wherein
the cells are isolated. '
7. A conditionally immortal, pluripotent,
neuroepithelial cell line for therapeutic use, especially
for the treatment of a behavioural and/or psychological
deficit.
8. The invention as claimed in any one of claims 1 to
7, wherein the treatment or therapeutic use is treatment
of a human.
9. The invention as claimed in claim 8, wherein the
treatment or therapeutic use is treatment of a human and
the cells used are human cells.
10. The invention as claimed in any one of claims 1 to
9, wherein the cells are from a single cell line.
11. The invention as claimed in any one of claims 1 to
9, wherein the cells are a mixture of cells from two or
more cell lines. ,
12. The invention as claimed in any one of claims 1 to
11, wherein the cells have a high degree of potency.
13. The invention as claimed in any one of claims 1 to



WO 97/ 10329 PCT/ GB96/ 02251

-20- * days and Fi gurmllwmlmnmwt he results in greater det ai |
for days O to w09710329Exa c AL *AND MHP36 CLONAL CELL ROTNEBD6rtaYS:
NEURONAL AND GLI AL POTENTI AL WHEN DI FFEREN® ATED | N VI TRO. Cells

were prepared for inmunocytochem stry using a range of markers under both
perm ssive conditions (33[err]C plus g-interferon with added FG-2) and

nonper m ssi ve conditions (39/err]C).in SFMwth the addjtion of the
di fferentiating éggnt wherginy h%ﬂ&ﬁg%{ﬁﬂiatBﬁnlﬁﬁ ?PEOT%#&? iscapcyepsgm
E?;ng | i Se wer e p:cby echeradd it ivve cé £ rrf'ctr:ezmom ;@aﬁﬁaéHal frﬂlﬁbﬁﬁfpgﬂm$§h’ﬁ%t h
-2 and g-inter - err or . hours. the slides were
e nhopeiiditee sohelhid

fixed at this stage ¥redi a renoved and substitut ed
with  SFM cont aid ng TheM idivention as\Mlaimedreimtanyeohatof 89atms] €. to
These slides were4ixegh Y&§i ¢ ' | 0 .

par af or mal dehyde.” The .‘I'a%ﬁtéeﬁ{sh%‘vé%%épé %lr%{)%xft?%é\ﬁgﬂ‘%%? gé?’?g n gature
randonl y sel ect e®Rh¥l s thas fiheycoppnisersxegenens hiAcnecessary| to

Nestin; the  neysrded ddRidifiit IEHE P NBnidREA 11 €y ENhdSEpt NSRA114eo allow
cloning.
15. The invention as claimed in any one of claims 1 to
14, wherein the behavioural and/or psychological deficit
is the result of a transient loss of blood supply to the
brain of the patient. _ '
16. Isolated human, pluripotent neurocepithelial cells.
17. A human, conditionally immortal, pluripotent,
neuroepithelial cell line.
18. A process for the production of human, conditionally
immortal, pluripotent, neuroepithelial cells which
comprises the steps of: '
(a) obtaining neuroepithelial cells from a human fetus,
the cells being at a stage early enough in the
developmental pathway that they have the ability to
differentiate into a variety of different brain cell
types,

. (b) introducing into those cells DNA which comprises a
sequence capable of causing the cells to be conditionally
immortal under the control of appropriate control
elements, and o '

(c) maintaining the cells in vitro under permissive
conditions. '

19. A process as claimed in claim 18 which further
includes the step of cloning the cells to obtain one or
more cell lines.

20. A pharmaceutical composition comprising cells
according to any one of the'preceding claims and a
pharmaceutically acceptable carrier.

' 21. A method of testing comprising maintaining a



heci rmor tal | snggend I IIEHIIINJJIHHIIFr Both cel | |1nes show neur onal and

glial phenotypes after,” ‘but nbt bef'ore, differentiation. VHP15 CLONAL
LI NE DAYS | NESTI N NSE GFAP SVv40 RE
% ecells % Nv?‘l%%?cel s % cells - 33 - I abelﬁg@ﬁ%&%

| abelled 1abelled |abelled 2 - 33C 1000 00 00
1000 2 - 39 C 1000 12.42.2 3.81 1000* *SV40 is
down-regul ated after 4 days in vitro in the VHP15 i ne. WO

97/ 10329 population of cells of a condPildri&PLy Oahdrtal

- 21 - pluripotent neuroepithelial cell line jin vitro and

culturing portions of the cells under permissive
conditions in the presence and absence of a growth .
factor and determining the prolfieration of the cells.
22. A method of testing as claimed in claim 21, which
further comprises culturing portions of the cells under
non-permissive conditions in the presence and absence of
a growth factor and determining the proliferation of the
cells.

23. A mammal which has undergone treatment according to
claim 1 or any claim dependent thereon.



MHP36 CLONAL LI NE DAYS I N VI TRO NESTI N NSE GFAP SVv40

TEMPERATURE % cells % cells % cells % cells

| abel | ed | abel| | abelled 1abelled 2 - 33 [err]C 1000

00 00 wo ""1"66% 2 - 39 [err]C 1000 59. BET(§B96/02251
12.23.3 38.616.1 Further Characteris 96; of MHP36 clonal I|ine

The MHP36 cell line was further characterised™ at DIV in both perm ssive
and_nonperm ssive culture. It was found that the cells were >95% X- gal

| abel l ed (i.e. showed a hi stochem cal reaction to the [err]-gal transduce
marker) in permssive conditions. The cells were also tested with two
further antibodies, one for the neuronal mar ker PGP 9.5 (Wlson et. al.,

.1988) and one for br omodeoxyuri dine (BrdU) after one hour incubation wth
BrdU | abel ling mediumas a marker for dividing cells. In perm ssi ve
cul ture BrdU stained cells were found t hroughout the culture. There were

no PG 9.5 cells in per m ps-e—etH-t-ure- Fol-+owng—aesW tch to
nonperm ssive conditions in serumfree nmedi a (SFM V\nthout;addltlons
this cell line stopped dijpiding and the ndjority of cells died wthout
differentiating into mature| neuronal or glidl phenotypes. —
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However, in the presence of forskolin or retinoic acid (both of which are
differentiating agents) the cultures coul d be maintained for |onger
periods (5 - 14 DIV) and a proportion of the cells showed neuronal or
glial phenot wiepsneyze2 DI V. The MHP36 cells showed a flat-cel

nor phol ogy in the presence of retinoic acid (10[err] M wth %CT’GB 6/02251f
GFAP-positive fibrillary cells, SVv40 expreSS|on was reduced to 30% and
BrdU staining to 5% of ceIIs; no PGP 9.52¢%% ned cells were found. In the

presence of forskolin (10[err] M, however, bipolar PGP 9.5- positive
cells were frequently found, many cells having WD 97/ 10329
PCT/ (3B96/ 02251 - 22 - | ong neuritic

processes. GFAP-stained fibrils were not found in the cultures, SV40
expressi on was down-regul at ed (to 42% of total cells) and BrdU staining
was found in 4% of the culture. These findings further confirmthat
WMHP36 is a pluripotent ne Ihneage fate is

at |east partly determ ngd by inductive Si |
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Exampl e 5

li ke cell suspensions of CAl cells,

G afted H 2K[err]-tsA58 hi ppocanpal

restore spati al

precursor cells,
| ear ni ng and nenory

inrats with i schaem c | esions of CAl. The effects of grafts of
cetl suspensi oW %08%9 ca1  (CA1), E19 CA3 (CA3) and expande G BY6/22515¢

El4 transgenic H 2K[err]-tsA58 hi ppocanpal

(tsA58) (harvested at Passage 5) on acqui sB¥Yig6n of a

position in the Morris water. maze
(1'SC), producing

contrary. The paper gives

neuroepithelial cells

hi dden pl atform

followi ng 15 m nutes of 4V0 ischaem a

selective lesions to CAl were studied. The nethods
described in the paper by Sinden et al, 1995, especially t hose descri bed
in section 9 of the paper, were followed except where indicated to the

details of the nethod used to cause i schaem a

of net hods of transplantation and of using the Murris water naze test.
A brief summary of the procedure is given bel ow

i schem a was induced in male Wstar

vertebral arteries
t he first cervica
nitrous oxi de and 30% oxypgen), and silastic ties
carotids and brought to the surface. Twenty four

were tightened
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MHP15 MTT assay cell number v days

wer ef el ectrocoagul ate roug

vertebrae, under 2% hal ot hane 4

F12 with FGF2 (10ng/ml)

(iii) DMEM
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and clanmped for 15 mnutes. Rats that failed to | ose righting reflex
wWithin two mnutes were not included in WO 97/ 10329
PCT/ GB96/ 02251 -23- t he experinents.

Wounds were rapi aled with clips and |ignocaine appli ed,
H2K[err] -t sA%gbgéyq:’gEV\er e removed from pernissive culture ahfF/GB96/02251

resuspended in Hank's bal anced salt sol ution with 1nM n-acetyl-L-cysteine
ready for grafting. The cells were pul 5392Wi th OQ5[err]C/m

[err] H Thym di ne 48 hours before renoval . Gafts were bilaterally
targeted to the dorsal CAl cell field (2 sites/hem sphere, 2 [err]l/site,
25K cells/[err]l for each cell-type graft) and rats were grafted 2 to 3

weeks after ischaem a surgery. The rats with grafts of tsA58 cells were
treated every other day for 14 days post-transplantation with the

I mmunosuppr essant, cyclosporin A (Sandoz, 2.5 ng/rat in Crenophore EL,
i.m). .Training (2 trials/day) began 12 weeks post-
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transpl antati on (Nunber of subjects (Ns) =7 to 11/ group).

Sham | esi oned control rats underwent cauterisation of the vertebral
arteries but no ligation of the carotids and then received sham
transplants. WRMPnsplants (grafts) were carried out by IF&HEBIP2RHe
graft injection needl e to the appropriate site w thout making an

i njection. The water maze consi sted gfaa bl ack pol ypropyl ene
.circular pool (2mdianeter, 0.5m high, with 0.25m depth of water at
26[err] C, rendered opaque with the addition of 200mM ml k). The escape
platformwas a 9cm cl ear perspex cl osed cylinder, |ocated 0.02m bel ow t he
water surface in the mddle of the North West quadrant of the pool. At.
the start of the trials, rats were placed in the pool facing the wall and
allowed to swmuntil they found the pl atform where they remained for 10
seconds before renoval . Arat which failed to find a platformw thin 60
seconds was guided to it by the experinenter and the maxi mum | at ency
scored. Start positions were designated as North, South, East or West
and, in pseudorandom or d“fr’ W97 10329 ® 3 - 24 -

PCT/ GB96/ 02251 b
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one start point close to the platformand one point distant fromit were
used each day. The swi m path was recorded by an imge anal ysi ng system
(HVS I mage, VP112), and digitally converted into a range of navi gati onal
measur es. ror bar indicates 2 standard errors bet S
fromthe Goupg%?i nteraction of the analysis of vari an\é\gé.l‘ﬂﬁg?g%%o
to find the platformfor the ischaemc rats with both CAl and tsA58
grafts was not significantly different fr/@m uni esioned controls (sham

| esi oned control rats which received shamgrafts) (CON), wher eas the

ot her ischaem a groups with CA3 or sham grafts were significantly
inpaired relative to the control, CAl and tsA58 groups in |latency and

ot her nmeasures of spatial |earning. Post-nortem analysis showed sim | ar
sel ective CAl1 neuronal loss (70-75% from host CAl in all ischaemc '
groups including each of the grafted groups. Gaft survival was excellent
in all grafted groups. Latency in the Morris water maze test is
the tine taken for a subject to swmto a hidden platform The
results are shown in Fig . g cell line
(MHP36) derived fromH 2K err]-tsA58 hi ppocanp precurfsor cells,
restores spatial |earning

Figure 6

F12 with gamma-interferon (12U/ml)
days in vitro
-o- at 39°C
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and nenory in rats with ischaemc |esions of CAL The effects of
grafts of cell suspensions of E19 CAl (CAl), expanded cultures of E14

transgenic H -1 SA58 hi ppocanpal neuroepithelial cell Mﬁ;@u
(harvest ed ataﬁggb@@?gge 5) and an expanded clonal cell line ( 1

derived from E14 inmortal hippocanpal precursor popul ati on on
acqui sition of a hidden platformpositiony,adgn the Mrris water maze
following 15 m nutes of 4VO i schaem a (I'SC), producing |esions of CAl
were studi ed. Met hods were as described in Exanple 5. MHP36 cells were
WO 97/ 10329 PCT/ GB96/ 02251
- 25 - renoved from pernissive culture and resuspended in Hank's
bal anced salt solution with 1nmM n-acetyl -L-cysteine ready for grafting.
As in Exanple 5, grafts were bilaterally targeted to t he dorsal CAl cell
field (2 sites/hem sphere, 2 [err]l/site, 25K cells/[err]l for each
cell-type graft) and graft surgery was conducted 7 to 14 days after
ischaema. Al rats in _ $- n =
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this experiment (including ungrafted (shamgraft) and unl esi oned
(sham | esioned) controls) were treated every ot her day for 14 days
posi-transplantation with the innunosuppressant cycl osporin A (Sandoz,
2.5 ng/rat in gpphore EL, i.m). Training (2 trlals/day) an 12
week post - transpﬂ ant at| on (Ns= 7- lllgroup) The error bar ‘5&9 B26/02251
standard errors between groups fromthe G oups X Days interactlon of the
anal.ysi s of variance. Replicating our Bipgt experinment, latency to find
t he platformfor the ischaemc rats wi-th both CAl and tsA58 grafts
was not significantly different from shaml esi oned controls, which

recéi ved shamgrafts, (CON). Mbreover, the MHP36 clonal cell line
grafted group was al so not significantly inpaired conpared to the
control, CAl and t SA58 groups. The results of these experinents are show
in Figure 10. .The experinments denonstrate that the transpl anted
precursor cells appear to respond to signals fromthe damaged brain by

t aki ng up a phenotype able to replace or conpensate for the functional

deficits to which the amage ot nerw se feads: Por gﬁer anal ysi s of
variance (ANOVA) with repeated measures showgd signifidant main effects
of Groups (F[err] = 2.92, P < 0.05), Blocks (F[erg} = 36.50, P < 0.001)
and a S|gn|f|cant G oups X Bl ocks l|inear cgefficiént i nt er act e@n
(Fl[err] 3.23, P < 0.02)}. t-Test conparigons bgtween Ili near coefficients
reveal ed that th®| .ischgem c-shamtransplAnt gréup had dignificargly
i npai red escape +Jt§§cy erformance conpgf ed ;p/the ~
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WO 97/10329 PCT/ GB96/ 02251

- 26 - control and the three grafted groups (m ninmumt 38 2.29, P <
0.05); the co the three grafted groups did not signif] t |
differ among t érgrj"sne@\ggejs (all  t[err] <1). ANOVAs of swi m di stg%@m 251
reveal ed simlar outcones to the | atenc%é#(gsul ts. Exampl e 7

The water maze tests of Exanples 5 and 6 repeated in a further set
of experinents, see below. (In t hese emeri ments all rats were

| mmunosupr essed by i ntranmyscul ar(.,i'lnj ecgpon of cyclosgerin-A (2.5ng/rat in
Crenophore EL) every ot her gf;ly for< 5 da)q post¢y tr pl antation. The
resudts are shown in Fi gure@_ll. I n thap figug t he an tine taken to
find the platform is expressed eQafurfC‘tion two-day (4 trial) blocks
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training. Bars show 2X s.e.m fromthe Goup X Bl ocks interaction of the
analyses of variance. These results further confirmthat grafts of
VHP36 cells are able to reverse ischaem a induced | earning deficits.
Both control (@/peyless oned rats which received sham grafts) mewrchbéAngs:
gr oups showed significantly faster escape |atencies and shorter swim

di stances to the escape platformthan the 399/ wth i schaem a whi ch
recei ved sham grafts. An i schaem @ 9roup with grafts of MHP36 cells
(P24- 32) (N=12) (closed squares) was gynpard® to ischaenic whi ch '
recei ved sham transplants (=l 0) el osedcircl and sham | esi oned
control s which received shgm tragsplanf[s (N=I (op&ﬂ circles) on an
i dentical water nmaze pro ure. (hhe ANDVA of capeC_j_)atenci es showed
significant main effects of Goups (F2.29 = 27.80, P < 0.001), Bl ocks

(Flerr] =54.72, P <0.0019 and g significanf Goufds X Blocks
interaction (F[err] :5.8@ PS0.00 , Wt asigﬁ-_i]ficant | i near o
coefficient i nteraction [err] V= 23 , P <D.001).7t-Test W
97/ 10329 ' : " por/ aeoe/lo2251
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conpard sons between |linear coefficients revealed that the i schaem c- sham
transplant group had significantly i npai red escape | atency performance
conpared to bob@i,ﬁ control and the WHP36 grafted groups (m ninumt29
5.54, P < 0. § ﬁ???e control and the MHP36 group were not PCTIGBIG/2251
significantly different (t[err] = 1.01). IQyQMAs on swm distance and

ot her neasures of spatial learning in the mater maze were entirely

consi stent with the escape | at ency res Exanpl e 8 The
experinments in Exanple 7 were repeated u fts of cell fromthe MHP3
and WHP15 cell lines. WVHP3 IS on of t n|ne onal cell lines nentioned
in * -Exanple 2 above and is one of he c I|n whi ch showed

responsi veness to FGF2. The results-are Fi gure 12. Also shown in
that figure are results for control rats (aga sham | esi oned rats which
received sham grafts), |schaenlc|rats whi ch r elved sham grafts and

i schaemi ¢ rats which have recei ved®an i millant ofQcel I s of the MHP36 cel |4
line, as in Exanple 7 above. For MHP3  ahd MHPJp N=9. As may be seen,
grafts of MHP3 cells produce as effective |earning perfornmance as those
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VHP36,: i .e., significantly faster than for the ischaemc group, but not

significantly slower than for the control group. Gafts of IMHP15 cells
produce internediate effects, i.e., significantly faster than for the

i schaem c gr OUWof’#fosﬁ so significantly slower than for the cppf/kRbs22s1
gr oup. Exanpl e Post-nmortem i schaem ¢ bral n damage

in Experi nment 7A vvas assessed from cresyl242@l et stained sections by
two .i ndependent observers in cortemand O WO 97/ 10329

PCT/ GB96/ 02251 M- 28(M striatumat two

| evel s and in areas CAl-4 of the th ppq@anpus (it twoLurther |evels.
Using a five-point scal eUno damage wad foundLi n anQregl on ot her than
CAl, - wth the exceptioné@two Dats thg showed nil §)CA3 cel
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| oss. Jndependently of areas of grafted cells, average CAl cell loss at
the.l evel of maxinmal ischaem c damage (inter-aural anterior 5.7 mm

ranged from 80%&&,{@; i schaem a plus shamtransplant group to 90%in
Al

t he i schaem a graft group, with no significant dPET/6BI6/62281
anong the ischaem a al one (shamgraft) and i schaem a-pl us-graft groups.
Transpl ants of E19 fetal CAl cells forng?/ 0ci rcunscri bed graft nass
| ocat ed above t he CAl-danaged area, sim to those previously
reported. 3Hthym di ne-1abel |l ed expanded popul ati on cells were found
di spersed throughout the entire hippocanpal formati on, the corpus
cal Fosum and the overlying neocortex; sonme clusters of |abelled cells
wer e found within the | esioned CAl cell layer. Gafts of X-gal-
positive MHP36 cells had a nuch nore restricted distribution: other than ™
adj acent to the needl e track, | abel | ed tet@s—were shown to be confi i
to the hi ppocanpus. This probably reflectg both a greater sensitifvity
of the radioactive | abel, as well as a doyn-regul ation of [err]-gal E-,I
expression over the |ong survival tinme infthese experinments. As pil ¢t ~
experinments had shown when grafts of MHPJ6 cells were nade into o,
unl esi oned hi ppocanpus, the X-gal-positive ¢gells appeared to integrate or{
into all CA (but not dentate gyrus) neurpnal cell-body |ayers. (Disgrete
| abel l ed cells weD found in the hippocgnpal tissue and particularly in
ar eas CA3 and M. ) Howevey, unlike the cdse of grafts into unl esi pned
hi ppocanpus, denSg aggregations of X-gal - stained cells were
additionally fou vvithing’\he
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i schaem ¢ CAl1 cell layer. The degree of engraftnent varied between rats
such that aggregations were in a smal | proportion of the CAl field, or
aIC%r:Dst fully WO 97/ 10329

PCT/ GB96/ 0225 - 29 - popul at

| esi oned fi el vovigt-”rl\fnﬁga particul ar section, apparent on both X-ga _mézns

ni ssl -stai ned sections. For exanpl e, sone aggregations were found in the
same hem sphere at different points al amy2he rostro-caudal axis of the
danaged CAl layer. Fromthis it is clear that cells of the MHP36 cell

- line have a propensity to aggregate in the | esioned CA1 neuronal |ayer.

A time-course study of the mgration of | abel l ed grafted MHP36 cells in

i schaem c rats, using anti-B-gal inmunohistochenm stry to identify grafted

cells has shown that mgration to and aggr egat,"pn at CAl is conplet e@)y@
weeks post-grafting.
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Ref er gnces Dunnett & Bjorklund, 1994, Functional Neural

Transpl antation, Raven Press, New York Jat P.S. et al., 1991, P.N A S
(USA) 88, p509wo9adspgrdval |, O, 1994, in Dunnett & Bjorklund, it.
Sihden J.D. et al. (1995) Beh. Brain Sci. 18, pl0 W | son, P?’%Té’?""’”ﬂ
Barber, P.C., Hamd Q, A Power, B.F., . Dhillon A P., Rode, J., Day,
I.N.M, Thonpson, R J., and Pol ak J. H., I%l;j. 2&.{ Exp. Pathol 69, p9l-104
(1988). Hoshi mai uaru, M, Ray, J., Sah, 6 Y., Gage, F.H , PNAS USA,

Vol © 93, p1518-1523, (1996) The present invention is not to be

limted in scope by the Exanpl es given above which are intended to 0
illustrate the invention. |ndeed, various nodifications of the invention —
in addition to those shown and descrijbgdy herein will becone arent to
those skilled in the art and are intgnded to fall within the#scope of{th o
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-30 - PCT/ GB96/ 02251

Days in vitro

WO 97/.10329
cl ai ns. The content of the above-nentioned literature ref erences
ar€ hereby incorporated by reference. WO 97/.10329
PCT/ GB96/ 0225 w0 97710329 - 31- Cl ai s pCT/IGH96/02281
met.hod of treatnment of a behavioural and/or  psychol ogical deficit which
conprises intracerebral transplantation of a therapeutically effective
amount of 16/20
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pl uri potent neuroepithelial cells. 2. A nmethod as clained in claiml
wher.ein tests for cognitive function are carried out both before and
aftgr t r ans pivograloson. 3. Pluripotent, neuroepithelial celllc.ﬁsn Bb6/02251
t herapeutic use, especially the treatnent of a behavioural and/or
psyehol ogi cal deficit. 4. Use of "pluripotent, neuroepithelial cells in
t he manuf acture of a nedi canment for theilvygetnent of a behavi our al
and/or psychol ogi cal deficit. 5. The invention as clained in any one of
wherein the cells are conditionally inmmortal. 6. The

clains 1 to 4
the cells are isol ated.

invention as clainmed in claim3 or 4 wherein
7. *A conditionally imortal, pluripotent, neuroepithelial cell |ine for4
t herapeutic use, especially for the treatment of|@ behavioural anggoyp
psychol ogi cal deficit. 8. The invention as clgined in any one bf O
claims 1 to 7, wherein the treatnent or therapeutfic use is treat t e
of a human. 9. The invention as clained in claifh8, wherein the b
treatment or therapeutic use is treatnent of a hunmag and the cells| used O
are human cells. 10. The invention as clained i p any one of cl ai 1ty
9, wherein the cells are froma single cell |ine. 11. The inventign as
clainmed in any o of clains 1 to 9, wherein thefcells are a m xture of
cells fromtwo o nore cell lines.
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12. The invention as clainmed in any one of clains 1 to 11, wherein the

cel|.s have a high degree -of potency. 13. The invention as clained in
any_one of clains 1 to WD 97/ 10329
PCT/=GB96/ 02251wo0 9710329 32 - 12, wh i 0&2
prol.iferation of the cells is increased by the addition of E%gyeF% VI%%O
under both perm ssive and non-perm ssive conditions 14. The invention
as claimed in any one of clains 1 to 13184R@rein the cells differ from
those found in nature only in that they conprise exogenous DNA necessary
to provi de conditional immortality, and optionally to allow cl oni ng.
15. -The invention as clained in any one of clainms 1 to 14, wherein thegg
_behavi oural and/or psychol ogical deficit is the result of a transient e
| oss of blood supply to the brain of the patient. ¥ 16. 1sol até? (@]
human, pluripotent neuroepithelial cells. 17. A hugan, conditionajly @
imortal, pluripotent, neuroepithelial cell |ine. ’:;
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18. A process for the production of human, conditionally i mortal,

pl uri potent, neuroepithelial cells which conpri ses the steps of: (a)
obt-ai ni ng neurgepithelial cells froma human fetus, t he Cellég??%ﬁgnat a
stage early enY&H %% ne devel opnent al pat hway that they habEH{a§26/02251
ability to differentiate into a variety of different brain cell _
types, (b) introducing into those cellslgpgbmhich conprises a
sequence capabl e of causing the cells to be‘conditionally i mortal under
t he"control of appropriate control el enments, and (c) maintaining the
cells in vitro under perm ssive condi ti ons. 19. A process as clained
in ¢claim18 which further includes the step of cloning the cells to -
obtain one or nore cel |l @ines. {#20. A pharnmaceutical conposition QO
conprising cells accordi hg t0'any\one of the preceding clains agg[a o
pharmaceutically acceptabl efcarrier. y 21. A nethod of testing co isingg
mai nt ai ni ng a WO 97/ 30329 | o
PCT/ GB96/ 02251 '\ : e
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- 33 -;
neur pepi t hel i al
under perm ssive

cel l

factor and det avO9MMe329t he prolfieration of the cells.
testing as clained in claim21, which
non- perm ssive conditions in the presence and
a growh factor and deterni ni 2§/229e proliferation of the
whi ch has undergone treatnent according to

portions of the cells under
absence of
cells. 23. A mamal
or any cl ai m dependent thereon.
24. - A cell line, conprising
neur cepithelial stemcells,
culturing the stemcells un®er
medi um

popul ation of cells of a conditionally inmortal
line in vitro and
conditions in the presence and absence of a growth

conditionally
wherei n the cel

pl uri pot ent
culturing portions of the cells

22. A wrer/cBY6nR251
further conprises culturing

claim1l
34

i mortal, pl uri pot ent®

line is obtainable by ™
m ssive conditions in serumfie O
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)5'

a c
t her apy.

25,

A celt line—according to—ctairm 24, wherein the serum free

medi um conpri ses a 26. A cell lines according to claim
25, erein the groq’“‘m |j‘“¥!l””l!ls FGF2. 27. Cells obtainable from
L " *

| i ne defined ains 24 to 26, for use in a nethod of

R —n———

28. Cells according to claimg7, wherein the therapy is

the treatnment of a behavioural and/or psychol ogi cal deficit. 29.

Use of a cell ljige fpor dha pngparat icehpeisdngedicen@B i oha11yf Ofimmortal,
i ntracerebra

line is as def

10

15

transpl antation into,a dana r wherein the cel

m%ggngﬁ%y},Opeeggpggt?glgagegtggg?211s, whereln the cell

line is obtainable by culturing the stem cells under
permissive conditions in serum-free medium.

25. A cell line according to claim 24, wherein the serum-
free medium comprises a growth factor.

26. A cell lines according to claim 25, wherein the growth
factor is FGF2.

27. Cells obtainable from a cell line defined in any of
claims 24 to 26, for use in a method of therapy.

28. Cells according to claim 27, wherein the therapy is
the treatment of a behavioural and/or psychological
deficit. o

29. Use of a cell line for the preparation of a medicament
for intracerebral transplantation into a damaged brain,
wherein the cell line is as defined in any of claims 24 to
26. . '
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