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of the Invention The present invention relates to the correction of

_ sensomx mot or and/or cognitive deficits by the intracerebral .
transpVQM%PT8n of cells, and to cells and 5 nedi canentZCYFEPYPY3S

Background to the Invention Sensory, notor and/or cognitive deficits are

caused by many di seases and nay al sa be caused when the brain undergoes

trauma. For exanple, notor dysfunction is one synptom of Parkinson's

di sease. As yet, TRANSBLANIFEHON OF BAEMATOPOIESHC GERLSory treat nent

avai l abl e. Bjornson et al, Science (1999) 283:534-537, describes the

abi | i t yFégld ofdne dnventiom cel |s to produce a variety of blood cell types,

i ncl udi ng nyel oi d | ynphoj.d and, hagmat opoietic cells. It is beljeved that
the neural sf'lé}ﬁ F&'JQSPE%/’?‘QSH{'Q? ﬁeéﬁg‘?ﬁ g’p%?effoér?é@ﬁ‘ iS§R§°W¢Hlﬂt%ang fexpress
otherw EBg@it?v@rHefQﬂQ 'tﬁe%étr?eé%@itﬂr@rﬁsﬁlanfa%a%fcbeme sh@batans bag normal Iy
stinul ate ood stem Cell's. The experiment suggests that the adult bl ood
system ogwdieamentoieréfol, signals that "activate" the neural stemcells.
Haemat opoi etic cells are the progenitor cells for all of the blood cells,
I ncl udi BERELS SogHMe UV hr ocyt es. The transpl antation of such cells
has 20 been 5@% il 3 i QN Wi th
haemat opoi et ig([:H [ Ss;%ﬁﬂ%trofsr%rnlt"’ﬁcI u IﬁBVés:agl e@g@%ﬂ:&éﬁ%@b. g?%rﬁ}ga a?r?%%hi lia.
Met hods ah@maypbissbetaused verethedarainurddrgoies ¢rauneardtor paariple, mbton cel | s
are disclosed in WO-A-92111355 and WO- A-93118137. Summa of the invention
25 The gysisstioniyeng synpiam phRatkinsppadisease; Aeyshyunoaicases: thare when

)t ra}BspI @Bg%aii%%t&qu%qﬂ%glaﬂ'éﬁﬁegsed brain, haematopoietic stemcells
Bjornson ef al, Science (1999) 283:534-537, describes the ability of
neural stem cells to produce a variety of blood cell types, including myeloid,

iymphoid and haematopoietic cells. It is believed that the neural stem cells
contain appropriate mechanisms required to express otherwise silent genetic
15 information to respond to signals that normally stimulate blood stem cells. The
experiment suggests that the adult blood system contains powerful signals that
"activate" the neural stem cells.
Haematopoietic cells are the progenitor cells for all of the blood cells,
inctuding leukocytes and erythrocytes. The transplantation of such cells has
20 been proposed, for example, in WO-A-92/11355, in connection with
) haematopoietic disorders, including sickle cell anaemia and haemophilia.
Methods fof culturing and genetically altering haematopoietic stem cells are
disclosed in WO-A-92/11355 and WO-A-93/18137.
Summary of the Invention |
25 | The present invention is based in part on the observation that, when
transplanted into a damaged or diseased. brain, haematopoietic stem cells
appear to respond to signals from the damaged or diseased brain by taking up
a phenotype that is able to replace or compensate for functional deficits to
which the damage or disease otherwise leads.
30 For use in the present invention, the haematopoietic stem cells should

be capable of differentiating into cells appropriate to repair or compensate for



appear to respond to signals fromthe danmaged or di seased brain by taking
up a phenotype that is able to replace or conpensate for functional
deficits to which the danage or di sease otherw se | eads. 30 For use in the
pr esenWo n£0%68 on, t he haenmat opoi etic stemcells should waE/GR@ab®E Of -
differentiating into cells appropriate to repair or conpensate for WO

00/ 50568 PCT/ GB00/ 00636 the danmge orodisease in the target area of the
brain. It will be appreciated that <cells for transplantation need not be
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The treal ecarrie on_an u _ nventi on
I s espectdlld forararegsiaattiohtrieedeottiecedpaie ob difftremnatiore e allaypes of r eat ment
with human cells, and with hunan cells and cell lines. The cells of the

present pherotypes cirrewapedllse of correcting a sensory, notor and/or
cognitive deficit, when inmplanted into a danmaged part of human . brai n.
The'ter m » damdge teauiehE b bBnceHieds SHE Abctno AameL fult dfie RifRENL A, 10
The g er hne! d&sscish) bohesthedW i B iy, Variety
of r?teanghiq%éﬁgg?ng physlinéjal Ob?aurra, @g@g{@a tlﬁf;eck of ox%se'?l?jyp%%ae 1 cal
agent s, tréatmeniarithdunmiameeids, mnd with Cansedcels andigehtines, and di sease. The
foll ow ng di segses ggftt%at hol ogji cal c¢onditions are exanpl es of di seases or

const i ons whil Bf q""'é PrPreeq UFY?”WE}? gre sApakje ol _'OEI%@’F%‘?WG_ vthch_
25 S R AR B ©

injury, oke, aema, I1nclu cerebr

Al zhei nesrai. Phe kesmdddmagedusdd Héesipnhchgiesowdadtionteiads seiutictienses,
mul ti-infarct denentia, Parkinson's and Parkinson's type diseases,

HudG ngt Ui e SleR E1Ciées 6RIGIGSS. JPawage raAY becasseAdRrILebs Varisbase.

After csEBhSINGting ity BEukel RRbEREY KB Bhycteh), TR g S e n

accor darfoe esarplehedamagentaynbentaused by drug abuse, and disease. The
following diseases and pathological conditions are examples of diseases or
conditions which result in sensory, motor and/or cognitive deficits which may be

15 treated in accordance with the present invention; traumatic brain injury, stroke,
perinatal ischaemia, including cerebral paisy, Alzheimer's, Pick's and related
dementing neurodegenerative diseases, multi-infarct dementia, Parkinson's and
Parkinson's type diseases, Huntington's disease, Korsakoff's disease and
Creuzfeld-Jacob disease. Amnesia, particularly following transitory global

20 ischaemia such as after cardiac arrest or coronary bypass' surgery, may also
be treated in accordance with the present invention.

The celis may also be administered to sites distant from the actual site
of damage, for example, the' cells may be administered to the contra-lateral
region from that exhibiting damage.

25 The present invention provides for the use of haematopoietic stem celis,
optionally in isolated form, in the manufacture of a medicémentforthe treatment
of a sensory, motor and/or cognitive deficit. The medicament to be administered
comprises haematopoietic stem cells.

The present invention further provides for the use of conditionally

30 immortal, haematopoietic stem cells in the manufacture of a medicament forthe



The cells may also be adm nistered to sites distant fromthe actual site
of damage, for exanple, the cells nay be admnistered to the contra-| ateral
region fromthat exhibiting damage. 25 The present invention provides for

t he useWs¥00&ffat opoi etic stemcells, optionally in isolREEBIUINES6 in t he
manuf acture of a medi canent for the treatnment of a sensory, notor and/or
cognitive deficit. The nedicanent to kW& adm ni stered conprises

haemat opoi etic stemcells The present invention further provides for the
use of copdhtrhenpdf dseﬁ@oﬂyﬁmtbﬁbndhﬁ@%hﬂn@ ®ificht. Themedichmeant 16 be

manuf acture of a nmedicanent for the WO 00/50568 PCT/ GBOO 00636 treatnent of
a sensor yadministerad gooprisegraandiéonailyiimmortathdaeraaicpairiia stem eells.
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Cells 5 ona l'1nes may be preférred. Cel roma single cell

| i ne 5may fpemudedal cell Imesimaybe poéfecreld €efls tront awingle calllinedaly beiusesl may be
used. The invention further provides a mt]ar maceut i cal preparation
t
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i npl ant edcél aceorddipEetthebinaention badeepharmaveuticalyi agteptabliefeardet.i ate into
a formof _cell that 1s capable of repairing the danmage and inprove

f unct i on. Deseriptiemef thelnyenties differentiated cells may be the sane as the

phenggype of t h 0HBASKH Ghvbiiiin Rl |fasel 6 She rSiidatidH ff2f el o

el s may be of a erent phenot ype, a nu phenotypes. In
any case, hadmat@bdistit atemupelis pirenaiplattetihiaito i dasmded bedin, fthacgeliznal |y

T iy Biersntets i a 1o o Sl tha s pebleof epanng the
damage and improve function. The phenotype of the differentiated cells may be
the same as the phenotype of the damaged or iost cells, however, the

15 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 o_f
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.

20 The use of stem cells means that with one clonal cell line it is possibie

o

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

25 Conditionally immortal cells are cells which are immortal under certain
permissive conditions but are not immartal under nonpermissive conditions. In
the present case this means that by conditionally immortalising the stem cells
and maintaining them under permissive conditions the development of the stem
cells may be arrested at a chosen stage and they may be propagated for long

30 periods. Use of conditionally immortalisation allows the development of clonal

lines which are readily expandable n vitro. If the conditions under which the



I s assisted by the propensity, that we have discovered, of the cells to
m grate and seek out, danaged tissue. 20 The use of stemcells neans that
with one clonal cell line it is possible to repair damage in a nunber of

differewboarsesss of the brain. it also nmeans that if norep¢haRoRtdsse —
particular cell type is required to repair damage in a given area then a
single cell line wll be capable of differentiating into the different
types of cells required. 25 Conditionally immortal cells are cells which
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condi ti ons¥lthi delgns talodweidte ddiftirkiee ' Rl tSrresébrithlictisiand Peoviaes tweder

perm ssive conditions the devel opnment of the stem cells may be arrested at
a chosen cslllaydll gnatinbeyo deyelop andpilbdiffedenidatel ong 30 peri ods. Use of
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condi ti ogehnel usad talddnfersbonditional Aheretality dHwald e chosen so that the
conditions present in the brain will correspond to nonpermissive conditions.

An example of a suitable conditionally immortal oncogene is that which

15 expresses the non-DNA binding, temperature-sensitive T antigen; a description
of which may be found in US-A-5688692 or WO-A-87/10329.

If non-immortal cells are used then these may be maintained in vitro in
culture media with the addition of growth factors as disciosed in WO-A-
92/11355 and WO-A-93/18137. '

20 The gene which is used to confer conditional immortality may be
incorporated into cells after extraction from the bone marrow of an animal.

The cells used in the treatment of humans should preferably be derived
from human cells to reduce problems with immune rejection. This requires the
extraction of cells from the bone marrow of a human.

25 However, the cells do not necessarily have to be conditionally immortal,
and may be obtained directly from the patient to be treated.

Totreat a patient it is generally of assistance 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

30 of celts 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



conditions present in the brain will correspond to nonperm ssive
conditions. An exanple of a suitable conditionally imortal oncogene is
that which 15 expresses the non-DNA binding, tenperature-sensitive T

anti gerWo&0/3568ri pti on of which may be found in US- A- 5688393800636

WO A-97/10329. If non-immortal cells are used then these may be maintai ned
in vitroin culture nedia with the agdition of growh factors as discl osed
in WO A- 92/11355 and WO- A-93118137. 20 The gene which is used to confer

condi ti oRfbrddiBRLEE! ikor MB¥nple, IMRRbBEGEhGRLIVE! diseides ahAPE! leaxt rtact i on
fromthe bone nmarrow of an animal. The cells used in the treatnent of

humans s hodéspreadfdanags tadifferent e sfof eailsiuimeatroent ef sushdamage isrstill ens
with immune rejectjon. This, requires,.the .extractioon of. cells fromthe bone
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danmage hatem eelismay bertransplantad at aQinglet dite, erigreforablyadt rialtipleesites been

established, whether it be_in one isolated area or in several areas,
t r eat men@nByMaypbenekle da migrate de) the sHed)t Ak mcﬁrﬁjﬁ enGmhBEe.carri ed

may be uBTRACEIE Ihrosste: o U sl Shise S e Bt s AP o For
exanpl e, pheHbigrRIenshehdtypeslic pameveranrestad function.despread damage to

different types of cells. Treatnment of such damage is still possible and
i s assi sted byftaretraaimentithef progeest efidbe matiantcnay e Feenitored Usingr at e
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sites, @gin"BMIVIE inbislettedrreasiaf the brak. Fdreéxample, desteder angnitivece
there, differentiate in response to the |ocal mcroenvironnent, into the
necessar junction may be performed before and after transplantation.
Preferably, treatment will substantially correct a sensory, motor and/or
cognitive deficit (behavioural and/or psychologicat deficits). However, that may
15 notalways 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
20 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.
To study the transplantation in animal models the tests described in
25  Hodges, et al, Pharmacology, Biochemistry and Behaviour (1997) 56(4):763-
780 may be used. One test utilises rats in which the technique for four-vessel
occlusion (4 VO), simulating human heart attack, causes relatively
circumscribed and specific damage to the CA 1 pyramidal cells of the dorsal
hippocampus, along with a cognitive deficit manifest as difficulty in locating a
30 submerged and invisible plaiform in a swimming pool. This provides a model

of cognitive dysfunction occurring as a consequence of a common form of brain



phenot ype or phenotypes to inprove or restore function. After treatnent the
progress of the patient may be nonitored using 10 sensory, notor and/or
cognitive tests and/or, if desired, tests which nonitor brain activity in
sel ect O8P&8WE8 of the brain. For exanple, tests for cogniRONEBIFamedE i ON nay
be perforned before and after transplantation. Preferably, treatnent wll
substantially correct a sensory, notor6 and/or cognitive deficit

(behavi oural and/or psychol ogi cal deficits). However, that may 15 not

al ways belapesge,ble, trinsienigds esiobdi sigphytd thee ItRs ot ekamphs,i & naRd Wi th
the cells, nedi canents and pharnmaceutical preparations of the invention,
may | ea@CEHr AHPREGARENRC arfestuncti on wi t hout conpl ete correction. Such
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the range of about one hundred thousand to severa ion. Treatnment need
not be rdsansplastatian”assidiggrein inchsgesiine. transbiantatiah oftcelis whiehtmveny be
carried put to furthe{rinBrove function. To ééiﬁ')’ tgﬁ_trans | antation in
ani mal  nBRENSTPHE yodire, GBY AL B ve bess oppglieally mediied. asakmlasi ey .
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supply tgnttlr%ebltgir%i n, for exanple, as may occur during cardiac arrest.
The phrase “intracerebral transplantation" used herein includes
transplantation into any portion of the brain. Transplantation is not restricted to
15 the front and larger part of the brain.
The utility of the present invention has now been reported independently
in Chopp et al, Society for Neuroscience (1999), Vol. 25, Abstract No. 528.2.
This Abstract was published after the priority date of the present Application
and details the intracerebral transpiantation of haematopoietic stem cells in
20 mice.

f As detailed in the Abstract, adult mice were subjected to middte cerebral
artery occlusion (MCAo), and cultured haematopoietic stem cells (infused with
growth factor) were transplanted into the ischaemic striatum (4 days after
MCAo0). Cell type specific markers were used for identification of the donor

25 cells on transplantation. The results showed that donor cells survived
transplantation and were morphologically detectable in the ischaemic striatum,
exhibiting the phenotype of neuronal and astrocyte cells, _

Suitable excipients, diluents and carriers will be apparent to the skilted
person and formulations suitable for intracerebral transplantation will also be

30 apparent.



Met hods for transplantation of cells into humans and aninmals are known to
those in the art and are described in the literature in the art. The term
5 "transpl antati on" used herein includes the transplantation of cells which
have be@noogosen in vitro, and may have been genetical | y REBGBIEWe3Gs wel |
as the transplantation of material extracted from another organism Cells
may be transplanted by inplantation py means of mcrosyringe infusion of a
known quantity of cells in the target area where they would normally

di sperse arou W)t i it ; i i nto
ventri cul ar sﬁgé?esem‘?“r"l#;bﬁ@{?é’ﬁlﬁ?é’:‘*f'ﬁ?’?r‘g anrtngglﬁle ezl%thﬁéu*lfefghgﬁﬁﬁﬁen t hey
may di spgr &hridiisod Hmsiolbfsus geherprodust. n in Paicplaragetherapeatie geneal

transpl antati on" used herein includes transplantation into any portion of
the br ai produchthsat exertaitoafed atdne pde of damage: &xamplehefl syitahile 9§09 ar ger

art of the brain. ;Jhe utilit f resent invention has now been
PeportecPrPﬁ’HQEJ%ﬁB%Hﬁ 7 sq%lﬂd{%aﬁ-@%@ﬁ?. Soci ety for Neuroscience (1999),
Vol . 25, Abstract No. 528.2. This Abstract was published after the
priority date of the present Application and details the intracerebral
transpl antati on of haematopoietic stemcells in 20 mce. As detailed in
the Abstract, adult mce were subjected to mddle cerebral artery
occl usion (MCAo), and cultured haenmatopoietic stemcells (infused with
grow h factor) were transplanted into the ischaemc striatum (4 days after
MCA0). Cell type specific markers were used for identification of the donor
25 cells on transplantation. The results showed that donor cells survived
ranspl antati on and were norphol ogically detectable in the ischaemc
triatum exhibiting the phenotype of neuronal and astrocyte cells,
Sui tabl e excipients, diluents and carriers wll be apparent to the skilled
person and fornul ations suitable for intracerebral transplantation wll
al so be



30 apparent. WD 00/50568 PCT/ GBOO 00636 The stemcells of the present

i nvention may be genetically transforned to express a heterol ogous gene
product. In particular, a therapeutic gene product that exerts its effect
at the site of damage. Exanples of suitable gene products are disclosed in
US- A-5958767. CLAIM5S | . Use of a hagmatopoietic stemcell in the

manuf acture of a nedicanent for intracerebral transplantation into a
damag%ﬁjag%n for the treatnent of a sensory, notor and/or cognitive

defi ci Use according to claim1 , wherein the treatnent is for

Al zhei nmer' s di sease, Par ki nson s di sease, Korsakoff's disease or

Creuzf el d- Jacob di sease. e according to claiml or claim2, wherein

t he hder natssopied h@e@@@H%@Fq StPB" celbindheinemyfagtureraba medicamenkier accor di ng

to. ol witckrebabhh Oy bR BR b PRRIERES el AP AU fichE BPh SetiSananoodene

whi ch 'I's not expresse enperature a e according to

cl ai mmtombed/ernoghmveldeﬁgmne expresses the Sv40 T- antigen. 6. Use
according to any preceding claim wherein the haernatopoietic stemcell is
genetically transformed to express a therapeutic heterol ogous gene product,

7. Useg of mm@ahg%%|asﬁqemuﬂ¢érlemat%qr@5tﬁ@niQ,ﬁmzfﬁe%newgrs%bgethe stem

cell is not a human~enbryonic stem cel
Parkinson’s disease, Korsakoff's disease or Creuzfeld Jacob disease.

3. Use according to claim 1 or claim 2, wherein the haematopoietic stem cell is

conditionally immortal.

4. Use according to claim 3, wherein the cell comprises a temperature-sensitive

oncogene which is not expressed at a temperature above 35°C.

5. Use according to claim 4, wherein the oncogene expresses the SV40 T-
antigen.
6. Use according to any preceding claim, wherein the haematopoietic stem cell

is genetically transformed to express a therapeutic heterologous gene product.

7. Use of haematopoietic stem cell according to claim 1, wherein the stem cell is

not a human embryonic stem cell.



