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TRANSGEN! g ¥¢maksSM5 AND THEI R USES ~ The present inveptT/CBISEIs8s €S t O
tgansgenic organisnms . 5 having cells with one or nore selectable

phenot ypes and t heir uses. . Transgeni c organi sns, including
tranageni c ani mals, have been known for a nunmber of years. Although
the term has 10 occasionally been applied to any organi sm which contains
foreign DNA, the term"transgenic organisnt is used herein in its
nore usual sense to denote eukaryotic organi sms (and in particul ar,
animals or plants, and especially vertebrate . mamual s) and their

progeny 15 which cont ai RN
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Transgenic organisms, including transgenic animals, have
been known for a number of years. Although the term has
occasionally been applied to any organism which contains

foreign DNA, the term "transgenic organism" is used

~herein in its more usual sense to denote eukaryotic

orgahisms (and in particular, animals or plants, and
especially vertebrates e.g. mammals) and their progeny
which contain heterologous chromosamai DNA in the germ
line. The Heterologous chromosomal DNA comprises a coding
sequence which is hereinafter referred to as a
"transgene". Thus, every (or at least most) 6f the cells
of a transgenic organism - both somatic and germ - may
ggg#ain one or more_copies of the transgene(s).
Transgenic organisms can be produced: by many different

methods. The methods are well documentédvin:the~prior art

. and their practice forms part of the technical,rgpertoire

of those skilled in the art. Methodological approaches
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-2- commonl y used are described for exanple in Fir ﬁﬁﬁk@ﬁ?‘
HaseltW“%’Qqﬂﬂg ), Transgenic Aninmals (1991) Butterworth- per. I neman Nﬁ
USA. 5 According to one known nethod, the transgene is inserted

into enbryonic stemcells which are then |nJected into fertilized
zygotes at a stage when only a small pyggber of ~cells are present. The
engi neered enbryonic stemcells econe incorporated into the zygote,

and cells degém@énly ldselingtef 488LE3vER Tf%rd'efxfa%fﬁ@ Ii5] ilddeo diy or all
of the dlfferent cell types of the animal's body. Such cells may

al so i ncl udegdberein@n{Edby) anrhastgba;.&emmq.,s qn@gine Butterwr@gsny of
such (chimaeric) animals nmay therefore be fully transgenic. 15

Gt her net hodgeinemaneMAhUSAQt roducti on of the transgene into the
pronucl eus or intothe fertilized or unfertilized ovum 20 It is
al so known in the art that cells can be routinely ‘engi neered or

i nduced to express gene(s) which confer any - of .a wide variety of

sel ect abbe pheeorging thcepenkne@wohmethod,gthes txansgenm iss insdextienh| e
markers. They are normal |y Introduced into cells as part of a

reconbi nant %P cempTVONiosshen: sellshwhiche arebithephdndegied: dmts r ed by a

fertilized zygotes at a stage when only a small number of

o
¥

cells are present. The engineered'embxyonic-stem cells
become incorporated into the zygote, and célls'derivéd

10 therefrom go on to differentiate into many or all of ﬁhe
diffgrenthell types of the animal’s body. Such cells may
also include-thdse contributing to the germline, and.the
progeny of such (chim#eric).animals may. therefore be

fully transgenic.

15
Other methods involve the introduction of the transgene
into the pronucleus or into the'fe:tilized or’
unfertilized ovum.

20 ~also known in the art that cells can be routinely

enqiﬁeergd'or'induced to express gene(s) which confer any
of a wide: variety of selectable éhenatypes thereon. Such
genes are known as selectable markers. They are normally
introduced into cells as part of a recombinant expression .

25 vector. The selectable phenotYpe conferred by a
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- 3- v%&'s?ﬁiﬁ?' e marker may be classed as either positi peTRB9S/02586

negati ve.

A positive sel ectabl e phenotype is one which permts 5

survival under particular conditions which would kill (or at | east
prevent or inpair the growth of) .cells which do : not exhibit the
positive sel ectabl e phenot ype. AJdwgative sel ectabl e phenotype is
one which results in- 10 the destruction. (or the prevention or inpairnent
of gr owt hedectad1es narkeicmalpHd @l fés&d Kb ta DERepSSitive or
relatively innocuous to cells which do not exhibit the negative

sel ectabl e phennegative. 15 A wide variety of selectable nmarkers are

avai |l abl e.

Genes that are widely applied as positive sel ectable

mar kers include the bacterial neonycin phosphotransferase (neo;

Col ber e- Gar api

net al. (1981) 150:1), hygromycin * phosphot ransf er ase

(hph; Santerre 8t pasitives4elethable Yhelityp )inmhea whichpemmits

phosphori bos
USA 78:2072)2
Her pes

et al. (1977),
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transferase (gpt; Milligan and Berg (1981), P.N.A S.,
survivalAuadess partdqudan icandit ons\bvhieh rwenld kbl l héor
sinplex virus type 1 thym dine kinase (HSV-1 TK: Wl er 25

et Least) pPrEveRte O duRaddpHhe (grawth of) cells which do

not exhibit the positive selectable phenotype.

A hegative §electable'phenotypé is one which results in
the destruction (or the prevention or impairment of
growth) of the cell under particular conditions which are
relativély innocuous to cells which do not exhibit the

negative selectable phenotype.

A wide variety of selectable markers are available.

Genes that are widely applied as positive selectable
markers include the bacterial neomycin phosphotransferase
(neo; Colbére-Garapin et al. (1981) 150:1), hygromycin

pgggphbtransferase-(hph; Santerre et al. (1984), Gene

n;f31&7) and xanthinegﬁanine phoéphoribosyl transferase

(gbt; Mulligan and Berg (1961), P.N.A.S., USA 78:2072).

Also used as positive selectable markers are the Herpes
simplex virus type 1 thymidine kinase (HSV-1 TK; Wigler
et al. (1977), Cell 11:223), adenine phosphoribosyl-
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transferase (APRT; Wgler et al. (1979), P.N fepg .
ir i 7 Jolly et

76:13737°§ﬂﬁ“ﬂ&p0xanth|ne phosphori bosyl t ransf erase

al. (1983), P.N.A S. USA 80:477). These latter markers nust be used _

in cells having a particul ar 5 nutant genotype (viz. one which leads to
a deficiency in the gene productgan which the selection is based).
Sonme of the aforenentioned genes al so confer negative as wel | as

positive sel agtfie fafdee Ol APRD; ngxernekuas tha9793Q pPHRVALsTKusAPRT, HPRT

and gpt genes. These genes encode enzynmes which can catal yse the

conversi on of7€£1373N and hypoiahethindephbsphbiriboayditeanesferaseyt ot oxXic
i nternmedi ates. For exanple, the nucle05|de anal og ganciclovir (GCV),

I's a good subgPRE e Jollyhet HEls 1(1983),t PyN.4i.8e b‘smase-lwa)a These
substrate for the natural t hym di ne ki nase‘found in manmmal i an cells.
Consequent | y,latter maXkersrmbstubeduded énf celldst havdng wc paritdcuilar

agai nst . cells expressing the HSV-1 TK gene (St. Clair et al.

(1987), Abti mukant geroetypehtvihzheone3which) 1eadgotoxmdmfnsg,emwne.n
phosphori bosyl transferase can be used for both positive and :
negative sel dhe geRmPredyetsendwhich thenselpgtippe iscbaseddesnard et al.
(1987), Mdl. Cell. Biol. 7:4139). 25 Sel ectable markers are
usual |y used in both prokaryotic - : : ' '

Some of the aforementioned genes also confer negative as
well as positive selectable phenotypes. - They include the

10 HSV-1 TK, APRT, HPRT and gpt genes. These genes encede{
enzymes which ean-catalyse the conversion of certain
nucleoside or purine analogues.to cytotoxic -
intermediates. For example, the nucleoside analog
gancielovir (GCV), is a good substrate for the HSV-~1

15 thymidine kinase but a poor substrate for_ﬁhe natural
thymidine kinase found in mammalian cells. cOnsequenﬁly,
. GCV can be used for efficient negative selection against
cells expressing the HSV-1 TK gene (St. Clair et al.
(1937). Antimicrob. Agents Chemother. 31:844). |

20 qJ&ﬂmhzneguanzne phosphorihosyl transferase can be used

Ifon&hoth'posztlve.and negative selection when expressed
in wild type cells (Besnard et al. (1987), Mol. Cell.
Biol. 7:4139).

25 Selectable markers are usually used in hoth pfokaryotic

[
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-5-- and eukaryotic genetic engineering to permt the 2586
recovery, W?Mﬂeﬁi xed popul ation, of cells which have Patcrygg?gone a
relatively rare genetic change. For exanpl e, they can be used in
physi cal association wth anot her 5 gene which encodes a product of

I nterest (for exanple, a . therapeutdg~protein) to select cells which
have taken up that other gene along with the sel ectable marker. For

exanpl e, the neangeruKmydEin garsti® éRgiseéring to pesmitcehey nodified
cells taken from patient sanples 10 after gene therapy has taken pl ace.

It has al so beerewoveryed fromse mixged ipopskatitnpl ef cells whikhrbhawe a
safety device in gene therapy. Many gene t her api es involve the
removal of sonatindexgdne fa areldicivellyp e | genetibechangeduroroaxamﬂei n
of a therapeutic gene (the expression of which repairs a biochem cal
| esi on), they s be usaditinhysicabfasseciationbwikhi another
patient. Since the reintroduced genetically nodified cells may
ultimately pfovaens shighgnqeiena ipreduchiof imtereshe(fari emmglev a
exanple, if they prove to be : |nnunolog|caé%i i nconpati bl e or becone

mal i gnant), a therap@iydq Rrafin: &9 sedeqtrcedlspehigh havectakes up

with t he apeutic gene to ess subseque

sel ective eIiMrﬁhﬁin#gﬁe Hﬁﬂﬁé EF?W£P?|% F$é¥g ﬁeg For
example, the neo gene has been used to monitor
genetically modified cells taken from patient samples

10 after gene therapy has taken place.

It has also been proposed to ﬁse negative selectable
markers és a safety device in gene therapy. Many gene
therapies-involve.the removal of somatic cells from the
15 patient, the introduction therein of a therapeutic gene
(the expression of which repairs a biochemical lesion),
followed by reintroduction of the cells back into ﬁhg
~patient. Since the reintroduced genetically modified |
ce&l5-mayvultimately prove deleterious. to the health of
20 {hhs:p:t;ent (for example, if they prove to be
lmmnnologxcally incompatible or become malignant), a
negative selectable marker may be introduced along with
the-therapeutic.gene~to permit (if necessary) subsequent
selective elimination Oflﬁhe genetically modified cells.

25
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- 6- unber of vectors bearing positive or negatj -
~ sel ect m%ﬂ@ﬁﬁ(ers have been made and are readily i’gglgl i a% e to those ¢
skilled in theart (for review see MIller (1992), Nature '
357:455-460). O hers nrmy be 5 readily assenbl ed using standard gene
cl oni ng techni ques. Transgeni Lgor gani snms bearing a sel ectabl e
mar ker as a transgene are known in the art. Generally, the

sel ectabl e A numb@x kff véctdois OPeseLingopbsitive! be hegateie of cells 10
whi ch have al so taken up a gene of interest to which the sel ectabl e

mar ker was | igeiettable auaripbrs have Beeh made antr aregeeadidygani sms have
been constructed in the course of work involving the introduction

into the ger avaidallle to thosmeskilledoinathenawhi ¢lfioti reviewr seenn

devel opnent 15 (see WD 91/13150). Trahsgeni ¢ organi sns bearing
a sel ect abl e Midillear (kBA2), Natuxés35HeéhScdhd)rucOtliers why beurse of the
construction of animals bearing a-specific genetic lesion. Here, the
20 sel ect3bl cangdidyr assembled ciisinguatapdaydhgeneogdgping techniques.
reconbi nation) into a particular gene which is thereby I nsertionally
I nactivated. The sel ectabl e phenot ype conferred by the sel ectable
marker is then used as the | bas| s for-t?e idegtific tion and

recovery of dHARSIemiS rganigms beating; gnseigcrabie; Barkgrc8syaof the

gene. transgene are known in the art. Generally, the selectable
marker is introduced to permit the recovery of cells '
10 which have also taken up a gene of interest to which the
selectable marker was linked. For exaﬁple, many such
.traﬁsgenic-organismS-have-been-conStructed'in.the course
of work involving the introductipn into the germline of
genetic information which disrupts hormal'development

15 (see WO/91/13150). .

Transgenic organisms bearing a' selectable marker have
also been constructed in the course of the construction

Qﬁ;aﬂimalsabearing=a specific'geneticﬁlesion. Here, the

20 tectﬁble marker is inserted (usually by homologous
fec&ﬁbination) into a particular gehe:which is thereby
insertionally inactivated. The selectable phenotype
conferred by the selectable.marker.iSﬁthen;used.as the

basis.for-the;identification and recovery of cells

25 Dbearing an insertionally inactivated copy of the gene;
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-7- ‘Fﬁﬂﬁﬁ of transgenlc ani mal s produced by such nepd¥IGB9ISN02586 are
dgescri bed 'edrahita et al. (1992), PNAS 89, pages 4471- 4475.

5 In vitro tissue/cell culture nethods are fundanmental to

phar maceutical ,- clinical, agricultural and industrial research. For
exanpl e, tissue/cell culture nethods are =7- used in the pharnaceutical

i ndustry for the preparation_. of medi canents (for exanple,

t her apeut i cal | y Exampkes of ¥pansgenigr avdmaip aroduceds byy such getbeds f or
potenti al drqg However, these in vitro cell/tissue
culture techni quese escribed snoﬁaeﬂabbltéus_aai-exd@ﬁgﬂvePN@ﬁe&9wp@ﬁﬂﬁﬂ
-problem 15 is culture infection (usually arising frommcrobial -

contani nation bydbbkt#473;: yeasts and/or fungi). This is usual |y .
countered by the use of various antibiotics which ' are added to the
culture mediumto elimnate or reduce the grow h of contam nants.

el mnate thS 11 bk SLERST ELEPBR/CBLLoERIERFS; Aethora. Ars. fanfamental, fo.q:

and/or Tungal oo QhO2RN8s LARTY o2atBhS" 36%1cn1 tura1®Und sl
research. For example, tissue/cell culture methods are
used in the pharmaceutical industry for the preparation
of medicaments (for example, therapeutically active

10 protein products) and in assays or screens for potential

drugs.

However, thgsé in vitro cgll/tissue culture techniques
are slow, laborious and expensive. One important problem
15 is culture infection (usually arising from microbial
contamination by bacteria, yeasts and/or fungi). This is
usually countered by the use of various antibiotics which
‘are added to the culture medium to eliminaté or reduce
) the growth of contaminants.
_ﬁaﬁever, the use of.antibiotics-does not completely
eliminate the risk of infection, especially that arising
from yeast and/or fungal céntaminants (many of which are
resistant to fhe commonly used antibiotics).

25
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Anot her inportant problemarises fromthe nee 2?%
rom

- 8-
culturéyoépnﬁﬂ%lngle tissue or cell type. Gowh in V|tro

single cells
cell s and/ or

may be difficult (often requiring the use . of feeder
m xtures of growth factors and 5 other supplenents) and

honogenous in vitro popul ati ons - -gannot therefore be easily obt ai ned.
There is therefore a need for a conveni ent source of - . cells/tissue of

al | types forapstReF Vi fﬂéﬁtograhﬂﬂ ari@8eBUFROREthe need for ! has now
been found that transgehic orgahi sns bearing positive and/ or

negative sel egiPihPedPoKes Ssinyte tlssueprVb&!iW: LWtk dnivild

cell culture

15 techni ques. he presen invention provi des

transgeni ¢ orgdih SéEnyhé Clells mayi Bbeaz.ﬂih.&ul@'l%tfﬂ:@at ¢eguiinge @heeni ent

source of

material for the isolation, identification, culture and

20 anal ysi sumé @ﬁlféedetna:amzstandlderOiukh&rebg@Iil gﬁf‘o@zﬂhocﬁactors and
Ti ssue dissected fromthe transgenic organi snms of the i nventi on can

be parti chl ardthemsstyplhenents: iavandahomogenoubomm populations of a

particular cell/tissue type) in vitro and used in a wide variety of

appl i cati ons,

10

15

20

cannot therefore be easily obtained.

There is therefore a need for a donVénient source of
cells/tissue of all types for primary culture or other

purposes.

It has now been found that transgenic organisms bearing
positive and/or negative selectable markers have
previously unrecognized utility in cell culture

techniques.

The present invention provides transgenic organisms which
inter alia constitute a'very-conveﬂieht source of
mater;al for the isolation, identification, culture and

:1lysxs of cells from any tissue of the organlsm s body.

Tilsue~dxssected from the transgenic organisms of the

invention can be particularly easily grown (even as

_homogenous populations of a particular cell/tissue type)

25

in vitro and used in a widé'variefy'of'applibatiqns,

inclﬁding pharmaceutical assays, tissue transplant

<3



25 includi ng pharmaceutical assays, tissue transplant
PCT/ GB95/ 02586 WD 96/ 14401 '

synt hesi swWai96ig4@ke| i very and protein production. A‘EBﬁ%Wﬁ8"¥% one
aspect of the present invention there is provi ded a transgenic
eukaryoti c organi smhaving cells 5 cont ai ni ng het er ol ogous DNA
conprising a transgene encoding a pgsitive selectable marker and a
transgene encodi ng a negative sel ectable marker. But for the
sel ect abl e phen Si i r g h : rgani sm may
be essentlally:gﬁﬁgﬁhéiél @g%. §§¥ QF% aHa 698§§%h ?Eoﬁgft%g?ng | ocat ed
‘'such that they |nsert|onally t nactivate a. gene. The term
"essentially nornmal” as used herein nay i ndi cate ' that the organi sm

is not mutant f Ql-cdbafhdned! 5§ablt ot 6EaEhe! gieQ&an ngeﬂtiBnr &ﬁafgt 10

the wild type and/or normal tisSue di entiation an

devel opnent . providéd e%aﬁﬁssgéﬁfcOéﬁﬂaﬁ&myobgaaﬁﬁnhwhhy aaual in
t he sense that the transgenes are resident 1Tn a sileéent

non- expr essedl) rRGiKALMing eetereIHq6G8/ DRAI Bofiprisdingr agtﬁaneéehbe genone
where the transgenes do not significantly perturb the replication,

segregati on, encodimpa sposbtive paté&cbagblé markelpr andsantransgene
interaction with cellular conmponents such as DNA bi ndi ng
' encoding a negative selectable marker. But for the
selectable phenotypes arising from the transgenes, the
organism may be essentially normal, the transgenes for
10 example not being located such that they.insertionally -

inactivate a gene.

The term "essentially normal” as used herein-mhj'indicate
that the brganism is not mutant for any significant

15 character or trait with respect'to-the wild type and/or
exhibits normal tissue differentiation and development.
For example, the organism may be essentially normal in
the sense that the transgenes are resident in a silent

(ive. non-expressed) region of the genome and/or in a

20 fon of the genome where the transgenes do not

s éﬁificantly'perturb the replication, segregation,
organisation or packing of the chromosome or its
interaction withlgellular'camponents such as DNA binding
proteins'(includingﬁhistdnes and regulatory elements).

25



proteins (including histones and regul atory el enents). WO *

96/ 14401 PCT/ GB95/ 0
-10- WO96144fL provi sion of transgenes encodi ng both po?éﬁlve ang ' z

negati ve sel ectabl e markers provides great flexibility during -
subsequent mani pul ati on of cells derived fromthe transgenic
organismin vitro. Mreover, where thgyg. 5 invention is used to generate
tissue transplants, cells of a partlcular type may be isolated from

the transgenighe rov:.s%.rﬁﬂmclf K%geéﬂé’é’“éh pﬂéth' gSsi‘E!LGGt afg@- The

cells o) |so ated may t transp ante I nto non-
transgeni c amp ive @1@6’&&&%%:& hﬁrééméalgféaieaﬂexi&wx

therapeutic effect. The transplant may then abl at ed by negatlve

sel ection todurdtg subsefiidrl zidni ulat:.d&tef néerleha@ebevetiherbmagnal ant
was having a direct therapeutlc ef fect. * 15 I n anot her aspect,

t he i nventi ontransgeldtc odgaanispenie vitro. Mokesyet | cwhegenthe having cells
cont ai ni ng het er ol ogous DNA conprising a transgene encoding a .
positive Sel dnventdon is usexd kv gemérate tisssegctrarapbantg,aceddstive

sel ect abl e mar ker, the organi sm being essentially normal but for the .
20 sel eefalal @m@mmmnrhm ngolaqutﬁ:eomrhhsgbmpsyenm

posi tive and negatlve sel ect abl e marker may_ be provided, by a single
transgene, sidfd@alsolofheiinstenision )by pesitive selection. The cells

so isolated may then be transplanted into a non-

transgenic animal to determine whether the transplant has ¢
10 any-therapeutic.effect. The transplant may then be

ablated by negative selection to provide a control to

determine whether the transplant was having a direct

therapeutic effect. . .

15 1In anoﬁher aspect, thelinvention provides a transgenic
-eukaryotic organism having cells containing heterologous
DNA comprising a transgene encoding a positive selectable
marker and/or a transgene encoding a negative selectable

~marker, the organism being essentially normal but for the

20 selectable phenotypes arising from the transgene(s);'A
"ﬁﬁiitive:and negative.selectable-marker may be provided
. by a single transgene, since (as explained above) some
markers can be used as both positive and negative
sélectable markers (depending upon the selection

25 conditions used).



narkers can be used as both positive and negative sel ect abl e markers

(dependi ng upon the sel ection 25 condi tions used). ok/0548%
egT/GBg5/8!98€F““‘ The transgeni c eukaryotic organisn1o; tLe_

i nvention is preferably an animal or a plant, for exanple a
vertebrate (e.g. a mammal, for exanple a rat, rabbit, pig or nouse).
5 The transgeni c organi smpreferably has ajgenotype which i's
essentially wild type but for the presence of the het er ol ogous DNA.

I n addition, t.hat-haoah%g@hit:h%dﬁtﬁdﬂw%a%mc}w hehe ffren€isnpigssed

in the cells may consist of a transgéne encodi ng a positive

sel ectabl e narkepraférably aniRndaad or a pleifVdiftr dexkifld \© valtebrdte
mar ker, each transgene bei ng operably linked to an expression

el enment or (ecgenaninrammblls FHoaeeoanfl e @ s, arabbitn\pig hoxr mouds) .
transgeni cal |y derived genetic sequences nakes this * preferred
transgeni c organismsuitable for a wide range of experinenta
research requiring an effectively wild type genetic background.

20 A |east neTbe tirensgeadcadrganism prefierabdyhasi# ygenotype |which to
a regul atabl e expression el enent or el enents, ' for exanple a tissue-
or cell-specificliexppeentialdyewddd type but for the presence of the

heterologous DNA.

In addition, that portion of the heterologous DNA which

10 is expressed in the cells may consist éf a transgene

~encoding a positive selectable marker and/or 'a transgene

encoding a negative selectable marker, each transgene
being operably linked to ah expression element or
elements. The absence of expression of any other

15 transgenically derived genetic sequences makes this
preferred transgenic organism suitable for a_wide range
of experimental research requiring an effectively wild

type genetic background.

20 Eg&éiqast=one:of the selectable markers may be operably
‘linked to a requlatable expression element or elements,

. for example a.tissue- or cell-specific expression element
or elements. In such circumstances, each selectable
marker is advantageously differentially regulateﬁ, each

25 marker for example being linked to a different tissue- or



or elenents. In such circunstances, each sel ectabl e mar ker is

advant ageously differentially regul ated, each 25 mark eﬁ,ﬁimpl e
bei ng | 9%66*%6 a different tissue- or WO 96/14401%&39

PCT/ GB95/ 02586 _ -12- cell -specific

expression el enent or elenents. This permts the expression of the

sel ectabl e marker to be limted_tg9_a selected class of cells or

ti ssue, so provi di ng e. g for the selective culture in vitro of the

Spelected of gatichuiehla Sledn e LGk RG] GRbiles, ThisCC!!

cul ture. resent |nvent|on oes not y on t he use of

transgenic or gami¥e %@dlés&sié%ﬁw wetmté”@ﬁeceme mafket 5SHEN! C
procedure may be used in the practice of the I nvention. Moreover,

in nost ci rculEdreds td e sulakited class GBLGEELSTof hELisEhest @bl € markers
for use in the present i nvention is uninportant: in general any

sel ectabl e providinkele ganEditie selsbisive angltdre t i ovitrs afpeﬁétive
15 or negative sel ectabl e phenotype on the cell. For exanpl es the

positive skl esedlectednidassTmf bells or tsidswé efirdm can mixed cprimary
phosphot r ansf erase, hygronycin phosphot r ansf er ase, xant hi neguani ne
phosphori bosykell 2alture. transferase, the Herpes sinplex virus type 1
t hym di ne ki nase, adeni ne phosphori bosyltransferase and
The present invention does not rely on the use of
transgenic organisms produced by any one method: any
10 transgenic procedure may be used in the practice of the
invention. Moreover, in most ciicumstances,.the precide
nature of the selectable markers for use in the present
invention is unimportant: in general, any selectable
marker gene may be used so long as it confers a positivé

15 or negative selectable phenotype on the cell.

For example, the positive selectable marker may be _

selected from neomycin phosphotransferase, hygromycin

phosphotransferaae, xanthineguanine phosphorlbosyl

20 gpgfe;ase, the Herpes-simplex virus type 1 thymidine
'”559}-adenine-phosphprideyltranbfefa§e>and

hypoxanthine phosphoribosyltransferase.

The negative selectable marker-may-for‘examyle'he

25 selected from Herpes simplex virus type 1 thymidine



hypoxant hi ne phosphori bosyl t r ansf er ase. The negative sel ectable
mar ker may for exanple be 25 selected from Herpes sinplﬁénﬁ&&ﬂam&ype 1

t hyni di neWO0 96/14401 PCT/ GB95/ 02586 WD 96/ 14401

- 13- - ki nase, adeni ne phosphori bosyl transferase, hygronycin
~phosphot ransferase and hypoxant hi ne phosphori bosyl t ransf er ase. 5
The sel ectable markers are conveniently gfglved (e.g. by subcl oni ng
using restriction endonucl eases) from any of a | arge number of known
vectors, exanpl g§nakehhgBnine hd¥%333#¥¥¥' fe éﬁﬂﬁ?%# #ning
A | aboratory Manugﬁ e ng’ec_o c'Iga’ition E itecérgby é%rﬁ)r'oo ,&I{!—Yr%sch and
Maniatis 10 phé3pRotehfsBairiase 'Hid Hypdalitiigy Yy Press). The
expression elenents for use in the invention nay take any form so

long as they caphodpfieriBbshltansFerase. ~ Circunstances) be made to
di rect and/or control the 15 expression of the genes with which they are

oper ably coupl ed. Expression elenents for use in the invention my

conprise transcriptional and/or translational elenents, and i ncl ude

pronoters, r3boTheeskileditable markershareciconvenientilyl demived ofg.gi tlay

I ncludi ng activator and repressor 20 (operator) sites. Preferred

expressi on el enenbslovipgi weing restriction endonucleases) from any of a
large number of known vectors, examples of which are
described in e.g. Molecular Cloning: A laboratory Manual
Second Edition Edited by Sambrook J, Fritsch and Maniatis

10 T 1989 Cold Spring Harbour Laboratory Press).

The:expreésion elements for use in the invention may take
any form so long as they can (under at least some
circumstances) be made to direct and/or control the

15 expression of the genes with which they are operably
coupled. Expression elements for use in the invention may
comprise transcfiptional and/or translational elements,
and include promoters, ribosome binding sites, enhancers

- agéﬁregulatory sites including activator and repressor

'20 serator) sites. Preferred expression elements comprise
;;fdmbters selectedlfrdm a wide range available for use,
examples of which are shown in Table 1. This Table, which

- is non~-exhaustive, also indicates the use to which each

promoter may be-put'in the methods of the invention

25 described infra.



pronoters selected froma w de range avail abl e for use, - exanpl es of
which are shown in Table 1. This Table, which i's ﬁ%ﬁﬁ; {E*E&jve, _

al so i WO WM t he use to which each pronot er nmay gg Tn the .
met hods of the invention 25 described infra. WO 96/ 14401 '
PCT/ GB95/ 02586 -14- By way of

exanpl e only, the expression elenments_fgL use In the invention may _
be selected from pronoters and/or . enhancers which are specifically -

active in: (By way of @Q&H@H&ﬂﬁhly,E%Ké“éﬁﬁfﬁiiﬁén &PEhen ek Croghakanergi c
or 5 peptidergic neuronés and sub-popul ations thereof; (ii)

ol i godendr ocyhethedinvehitith My PO -s¥lettdd Offohi cpeOnoters andfbri) the
endocrine gl ands, lungs, nuscles, gonads, ' i ntestines, skeletal

ti ssue or paehhahceas! whiledi e¥é specifidally eactieeibh: {iprobl ast, fat,
mast, mesenchymal or 10 parenchymal cells; (v) ‘particular stages of
enbr yogenesi dopamdneriglicGo merohdrsimérgie, GABResyit cncholinergic gor
T-1ynphocyt es, B-|ynphocytes and macr ophages). Al ternatively they
may be sd ecpeptidemgicomensonemdngd sub-populdtions stheredfi (EL) t he
transcription_of genes for: 15 (i) neurotransmtter-specific receptors;
(ii) ion oligerendzocytes, aatangytes and sukcpopulations bkergat} ng
and (iv) cytokines, growth factors and hornones. At | east one of
t he sel ect ablldiddr khes epdpcrdng Harsia) (lungs, musplesctgoradsel y

expressed. This ensures uniform ) _ _
intestines, skeletal tissue or part or parts thereof;

(iv) epithelial, fibroblast, fat, mast, mesenchymal or | ¢
10 parenchymal cells; (v) particular stages of |
embryogenesis, and (vi) components of the blood system
(e.g. T-lymphocytes, B-lymphocytes: and macrophages).
Alternatively they may be selectéd-f:om promoters and/or
enhancers which direct the transcription of genes for:
15 (1) neurotransmitter-specific receptors; (ii)-ion-
channels; (iii) receptors involved-in.ion channel gating

and (iv) cytokines, growth factors :and: hormones.. -

AE#;east.one of.thg selectable markers may advantageously
20 h;;cqnstitutively expressed. This énsures“uniiorm

exp e;sioﬁ_of the selectable marker in every. transgenic

cell of the transgenic-orgaﬁism undgr‘all conditions,

which is particularly useful wherﬁathe transgenic

organism is for general use as a source organism for

25 cell/tissue culture.



ekpression of the selectable marker in every transgenic cell of the

transgenigygggﬁgb m under all conditions, whi ch i s paccysnrsss
useful whe ransgeni c - organismis for general use as a source
or gani sm f or 25 cell/tissue culture. WO 96/ 14401

PCT/ GB95/ 02586 ' - -15-

Table 1 Pr onot er Ti ssue/ cel l«gg4pe Application Reference

5 Tyrosine Cat echol am n- Al zhei ner' s 1 hydr oxyl ase
-ergi c neurones Par ki nson' s TSHTable 1  Thyroid cells

Hypot hyroi dism 2. recept or BSF1 GABAer gi ¢

Epi | epsy T o o e 2 e 0 5 R 2 A S R 2 O 0 6 0 5 5 T e 2 S 2 e S S O S e S e
Nor adrenal i n Al zhei ner' s 4 15 3-hydroxyl ase neurones '

Thyr ogl obul i n THreneter! | s Pipoukyceild-types5 Applicatiemot oReference
Aial cells in Neur o- 6 ‘

5 Tyrosine - Catecholamin- Alzheimer’s 1
hydroxylase -ergic neurones Parkinson’s
TSH Thyroid cells Hypothyroidism 2
receptor |

10
BSF1 GABAergic Epilepsy 3

neurones

Human dopamine Noradrenalin Alzheimer’s 4

15 3-hydroxylase neurones

Thyroglobulin Thyroid cells ~ Hypothyroidism 5
Serotonin 2 = Glial cells in Neuro- 6
20 ;fﬁé@ptbri ' serotoninergic degenerative

projection areas diseases -




[

20 receptor serotoni nergic degenerative

projection areas diseases WO 96/ 14401 P 05/02586 '
PCT/ GBI% Hgﬁgﬁ? _ - 16- cn#?%le 1 (cont.) =
Mouse inter- bone cells and i nfl anmat ory : 7 | eukin 4
heaemat opoi eti c processes 5 system c4 .
receptor CD4 expressing Al DS -16- 8 T-
| ynphocyt es 10 hurman chol i ne Acetyl choline Al zhei ner' s 9
acetyl trans- Tableodegcont.) Mot or - neur one ferase
di sease 15 References 1: Stachowick et al. (1994), Ml ecul ar
Brai n Resear cA===== B2 P mipiom =G G o Sl ww e o o Py TE Pl A
(1994), Japanese Journal of Clinical Medecine 52(4): 962-968
20 Mot ej | Meuse inte¢t994):onaou:aié.ls @nd3i ol oginflammatory Theni stry
269(21): 15265-15273 4: Hoyle et al. (1994), Journal of
“‘Neur osci ence laupkipt4 heaen@)tomag processes
5 system “
CD4 receptor CD4 expressing AIDS - 8
T-~lymphocytes -
- - - s e o - - e - - - - on - - f
10 human choline Acetylcholine Alzheimer’s - 9
acetyltrans- neurones _ Motor-neurone -
ferase : disease

15 References
1: Stachowick et al. (1994), Molecular Brain Research

22(1-4): 309-~-319. .
28 Ikuyama and Nawata (1994), Japanese Journal of
_ Clinical Medecine 52(4): 962-968 .
| Motejlek et _al. (1994), Journal of Biological

. Chemistry 269(21): 15265-15273
4: Hoyle et al. (1994},-Jqurnal of Neuroscience 14(5 Pt
1): 2455-2463

5: Pichon et al. (1994), Biochemical Journal, 298 (pt
25 3): 537-541 '



£

5. Pichon et al. (1994), Biochem cal Journal, 298 (pt 25 3):
537-541 . WO 96/ 14401

PCT/ GRO5/ BE14401 - 17- TREFSBPeRe: )
6: Ding et al. (1993), Ml ecular Brain Research, 20(3):

181-191 7: Bruhn et al. (1993), PNAS USA, 90(20): 90(20): 9707-

5 9711 8: Nakayama et al. (JP£3), International | mmunol ogy,
5(9): 817-824 9: Li et al. (1993), Neurochem.cal Research, 18(3):
271- 275 10 Ifapi&obapbeng.¢t al. (1991), PNAS, 99(2): 603-607
Constitutive expression may be achieved for exanple via ‘the use of a

pronot er whi ch 6li r ecbinghetead.e$ivos)of Melecular' Brain Resarch,g@043)A
"house- keepi ng" gene i s one 15 which is expressed in all cell types.
‘Their transl ated 181pdBducts are required as part of general cel

met abol i sm or cell structure and, consequently; they are not

speci fically exps essBuuhn gtpaisi ¢3PA3)cePNAS USRss@9(20): 90(28): 9707~
House- keepi ng gene pronoters, therefore, need to 20 be active in a
broad rangeSof (and $&kttines in all) cell types in order to ensure

constitutive gene expression. An exanple of a -
constitutivel y-8kpr NakaypmanBtealuséidP3), International Immunology,

5(9): 817-824

9: Li et al. (1993), Neurochemical Research, 18(3):

-271-275
10 10: Sohanberg et al. (1991), PNAS, 99(2): 603-607

Constitutive expression may be achieved for example via
the use of a promoter which directs the expression of a
"house-keéping" gene. A “house-keeping“ gene is one
15 which is expressed in all cell types. Their translated
products are required as part of general cell metabolism
or cell structure and, conseqguently, they are not
- specifically expressed in a particular ééll or tissue
type. House-keeping gene promoters, therefore, need to
20 -b@?gctive in a broad range of (and sometimes in all) cell

types in order to ensure constitutive gene expression.

An example of a constitutively-expressed promoter useful
in the present.invention is that for the

25 histocompatability complex H-2K® class l.promoter-(Weisé



in the present invention is that for the 25 histoconpatability conpl ex

H 2K] er. -1 pronoter (Wiss WO 96/ 14401 ' _

N i ' “18- P CR028 953)

Nature, 301, 671-674; Baldwi n and Sharp (1987), Mol. Cell. Biol. 7,
305-313; Kinura et al. - (1986), Cell 44, 261-272) which has been shown
to express - downst ream codi ng seeqd®mces in cells generally when used

5 as a pronoter in a transgene (Jat et al (1991), PNAS USA ' 88,

5096-5100) . Atotder (@A) Natuxee 301 al 6BY4674ar Baldwin apdofbarp.
The pronoters for use in the present invention are not 10 restricted to
t hose deri ved 98I mMaded iG8L kel Biobut 7 ned05-313; jKimuracetdalavi an- and

fish-derived pronpters Additionally, virally derjved pronoters, sone

of whi ch (1988)e et fi4ni26k1272) which has beeRnBROWR FAnAEPraRs
fish and avi cells as wel] as other eukaryotff,‘could 15 ~al so bg used
in perform’ngln TRATh (GG Segnences, in cells, generally whepsuse _

der vl 87| iufla eI -l 06 90T LIRS, BER Beb T 9
DTS 85 EOLA100) | MR o pipLeacl gncRh SERUE"SGRURMELy, 20,

along with s ddgid sequences such as enhancer el enents and ot her
regul atory efenents are wel | '

&

The promoters for use in the present invention are not - ¢

10 restricted to those derived from mammalian cells but may
also include avian- and fish-deri?ed promoters.
Additionally, yirally derived promoters, somé of which
have biological activity in a broad_raqge'bf.ﬁammalian,
fish and avian cells as well as othe# eukaryotes, could

15 also be used in performing the invention. Examples are
the simian virus-40 derived'early,or late pramétezs; or
the Long TerminaliRééeats (LTR’S) of retroviruses which
comprise promoter as well as enhancer elements and have

the;ability:to promote expression of seéuences.under

20 “#i#:influence:in_a broad range of eukaryote cells.
fﬁgséwp;amoters along.with supporting sequences such as
enﬁaneer elements and other regulaﬁory elements are well
known to the man skilled in the art (see e.qg. Mblecular
Cloning: A laboratory Manual Second Edition Edited by

25 Sambrook J, Fritsch and Maniatis T'1989'Cold.Spring



known to the man skilled in the art (see e.g. Ml ecul ar Cloning: A

| aborat ory Manual Second Edition Edited by 25 Sanbr ook J icBbs63586Nd
Maniatis WOSEH4| d Spring VD 96/ 14401 P

PCT/ GB95/ 02586 -19- Har bour
Laboratory Press). . The transgéni c organi smof the invention may

al so contain het er ol ogous DNA whi cgkurt her conprises a reporter

5 transgene, for exanple 3-gal actosi dase or luciferase. The reporter
transgene may b@ddbiriyd IElsdrdt |p$aﬂg;p an expression el enent or
el ements which are subject to cel or tissue-specific regulation.
10 Such reporter transgenes facilitate subsequent anal ysis of
cells/tissue cultured fromthe transgenic organi sm and in particular
permit the respdiee {ransgenicxaopyanbsm of thej iniventiidof mayt algogcontain
particular class of cells/tissue) of a particllar expression el enent
or class of exprhstsxglogous DNA cwivich mrbbenonomsréaesnavresostern vitro.
I n anot her aspect the invention provides a nmethod_o cul turing

cel I's and/ or5ti &xansgens, tkex %ml%.%ggehectosldasst Efssll-}f-'ﬂ-fesﬁ'e- The
provi ding a transgenic ani mal or plant: havi n S, ¢o I nin
genetic nat eri alFSMATYEPL FFahsgene may b%e%ﬁﬁ?ﬁglBpgﬁéﬁiYyﬁénRﬁar 8ng“(by

enerating a prinma culture fromecells [or tissug.of . the
?ransgenlg P expfgsslon element or elements w gc are sugject to cell-

or tissue-specific regulation.

10 Such reporter transgenes facilitate subsequent analysis
of cells/tissue cultured from the transgenic organism and
' in particular permit the response (to for example an
induced deficit in a particular class of cells/tissue) of
a particular expression element or class of expression'

‘15 elements to be monitored in vivo or im vitro.

In another aspect, the invention provides a method of
culturing cells and/or tissues in vitro, comprising the

s@eps.df: (a) providing a transgenic animal or plant

20 | ipg—cells containing genetic material which confers a-
:;3&éctable phenotype thereon; (by generating a primary
culture from cells and/or tissue of the transgenic
organism of step (a); and (c) selectively grdwing the
primary'culturé on the basis of tﬁe selectahle~ppenotype

25 conferred by the genetic material contained in the cells



organismof step (a); and (c) selectively grow ng the primry
culture on the basis of the sel ectabl e phenotype 25 %Qﬂ%ﬁh&ﬁ@ﬂgy t he

genetié”ﬂﬁﬁ@fpél contained in the cells WO 96/ 1440

PCT/ GB95/ 02586 _ - 20- of the
transgeni ¢ organi sm ' Preferably, the cell/tissue culture nethod of
t he i nvention is based on the us20ef a transgenic organi sm 5
havi ng a sel ectabl-e nmarker operably linked to a tissue- or

cel | - speci fi cofxphestransgenidenorgandlsment s, wher eby in step (c) a
particular cell/tissue type is selectively - grown on the basis of the
tissue- or cell-specific - expression therein of said at |east one

sel ectable 10 narker. This preferred nmethod of the invention
finds appli cabfFeferably, tbe eedddtissne puldane meshasd afnbhg d fol licul ar
cells froma pripgary (mxed cell) culture. ‘This nethod -may, 15
provi de a prihYSDELPB AR ééFPdpGEuM'ﬁ Hpepof [fe fUARRISNLC organisid in

t he absenge of the thyroid follicular cells an . constitutes a unique

ol | ol & o Byt aashPorabley Batker” crarARIYAinkad P 1A diRRSA | 1

t he devel opnent oflfeM/ L £i t herapeutic drugs for the treatnent cﬁb

thyroi d di sea3bsSe++28PeCItIC PRRPEESSAR 531?(5%6 b QF & ofYIHEPRY

I nventi on nayinggep (6) a particular cell/tissue type is selectively
grown on the basis of the tissue- or cell-specific

expression therein of said at least one selectable (

10 marker.

This preferred method of the invention finds application
for example in the selection of thyroid follicular cells
- from a primary (mixed cell) culture. This meﬁhod may
15 provide a primary stromal cell population of-thé thyroid
gland in the absence of the thyroid follicular cells and |
constitutes a unigue cell culture system useful-fqr the
study of thyroid biology and in the development of néw

 therapeutic drugs for the treatment of thyroid diseases.

_ 20.
| 'iﬁ%icelk/tissue culture method of the invéntion-may also
be-p:actised such that step (c) reduces or eliminates
microbial contamination of the tissue culture, thereby -
alleviating or eiiminating a coﬁmonaproblgm in cell

. 25  culture systems, viz. culture contamination (particularly



be practi sed such that step (c) reduces or elininates m cr obi al

contaninaﬁ# é@ he tissue culture, thereby al | evi apéfygnosn2s86 .
ekimnati dP n problemin cell 25 culture systens, viz . culture

contam nation (particularly WO 96/ 14401

PCT/ GB95/ 02586 : -21- by fungi and
yeast s). The transgeni c organi sm2If the invention can al so be
used as a source of |ynphocytes in nethods for the 5 production of
nmonocl onal antilypdfesgi and yea#badel onal anti bodies are.of fundanenta

| nportance in bi ot echnol ogy. Their preparation involves a sequence of
steps including: (a) imunizing an aninal by injecting 10 the antigen of
interest, (b) renmoving the spleen fromthe ani mal and preparing-
Iynphocytes t heThe r bERNgEENigspEganisms Pﬁethfnénﬁ@yﬁéQHMQHﬂ|ﬂ%ﬁﬂ1§ﬂ

(usual l'y nyel oma) ceIIs to produce a hybri dong, sel ectively
growi ng hybri doféed as a ﬂﬂﬂr?ﬁ)°glQEPE§°FH§°ﬁyBP|Eﬁﬁﬁggéo d%ﬁ% a clone
15 secreti g t he ﬁclona% antib ¥ I nt, rg The step of

sel ectively grdﬂfﬂgn? tohy8 iﬂﬂﬁﬁcgg ég ggf1bo J'es‘above) is usually

achi eved on the basis of a HPRT- genotype in a nyel oma fusion partner
whi ch prevents 20 unfused nmyeloma cells fromgrowing in selective nedia

containing hypoyanLhy 8fa1 2BhEPRShEEL"aPR%0E ¥l hdaREntdt importance in.
biotechnology. Their preparation involves a sequence of
steps including: (a) immunizing an animal by injecting
100 the antigen of interest, (b) removing the spleen from the
animal and preparing lymphocytes therefrom, (c) fusing
the lymphocytes with immortal (usually myeloma)-cells to'
produce a hybridoma, (d) selectively growing hybridomas
and (e) cloning the hybridomas to produce a clone

15 secreting the monoclonal antibody of interest. .

The step of selectively growing the hybridoma (step (d),
above).is usually achieved on the basis of a HPRT"
genotype in a myeloma fusion partner which prevents

20 gﬁ;geed.myeluma cells from growing in selective media
-cgataining~hypoxanthine, aminopeterin and thymidine (HAT

. medium). This restricts the choice of fusion partners..

Thus, according to a fu:ther-aspect'of thevéresent

25 invention, there is provided a method of making a



mediunm). This restricts the choice of fusion partners. Thus,

accordéﬂgg&ﬁgﬁhfurther aspect of the present 25 'nvenbb?ﬂﬂmhﬂﬂﬁﬁq!s

provid od of making a WO 96/ 14401

PCT/ GB95/ 02586 ' ' _ -22- monocl onal

anti body specific for an antigen, conprising the steps of: (a)
providing a transgenic aninmal (for -22-exanple a rat, rabbit, pig or
nouse) havi ng | ynphocyt es contai ning genetic material which confers a
sel ect abl e moBogienaily patilbedy rspedificnior Ampantibgen Ansogwprisbngani sm
with the antigen; (c) renoving the | ynphocytes fromthe transgenic

animal ; (d) thei sgepisec afpnladc prnwiding ep {x@nsgenic vmnimaknofonl cells
(for exanple tunmour cells, e.g. . . hyeloma cells) to produce hybridonas;
and (e) sel cexppple a n;t.cmiﬂah:mwg Rige oF IRORRMKshaving clyaphecyteshe

sel ect abl e phenot ype conferred by the genetic material contained in
the | ynphocyF@8taining gepelic aaheriak which senfexs A sekectablene

I hocyt 5 reparations fromthe transgeni.c ani mal obyi ates the

Sani pont PBRNORYER” DR (B lor LG e, ARRISTLE SFganitn

repertoire of.%gsign part.ner cells that can I n,hybrj doma
wi t H

f or mat i on. e fRri8eRis d&) SRR e%'fjfxe‘g%h?ﬁ%giﬂtf? be fon also
find app'iCa%&%ﬂsbgn&%'%Qﬂ%lf#)éﬁfs &%ﬁié”tﬁ£5%¥ﬁgﬂéhytes of step (e)
with inmortal cells (for example “tumour cells, e.q.
myeloma cells) to produce hybridomas; and (e) selectively (
10 culturing the hybridomas on the basis of the selectable
. phenotype conferred by the genetic material contained iﬁ

the lymphocytes. -

The p:ésence of the selectable matke: in the lymphocyte
15 preparations from the transgenic animal obviates the -

requirement for eqg. a HPRT selection process and expands

the repertoire of fusion partner cells that can be used

in hybridoma formation.

20 ﬂftﬂnsgenic:organisﬁs of the present inventien also
£¥#id application in relation to diseases or disorders

-involving'cell.loss.

Many diseases and disorders are kndwnftc.be-assOciatgd

25 with specific cell and/or tissue loss. For example, in



I nvol ving cell | oss. Many di seases and di sorders are known to be

associated .. 25.with specific cell and/or tissue |oss. For |
VO 96/ 1440M0 96/14401 PCT/ GB95/ OWM

- 23- _ neur odegenerative disorders such as Parkinson's disease,
Huntington's chorea and Al zhei ner's di sease one or nore

sub- pooul ations of neurotransmtter-identpgied cells are | ost during
t he course of the disease. 5 I n Parkinson's disease, this loss is

principally of he@rodegenddadiiives diisortiirs ffcad Easkiisdonts disdisde,
regi on of - t he braln al t hough other cell types also decline. 10

I n Hunti ngt on’ snaheﬁ.aQtotrher chorea AN ik igker 05 didease one@ it Gidte but
in this case the deficits are restricted - largely to the striatum

In Al zhei mer' s dubepspuliations fa nérctratisnitter-tdentlifiedatelks  are
serotoni n- and noradrenal i ne- containing neur ohes projecting to the
‘neo- and pal asodosteduring the Cdunmsenafr dhmyidideaiacases and di sorders
al so stemfrom neural cell degeneration; the denyellnatlon occurring
in 20 mul&iple sclerosis, for instance, is due to the

In Parkinson's-diéease, this loss is principally of the
dopaminergic neurones of the substantia nigra region of

the brain, alfhough other cell types also decline.

10 In Huntington‘s chorea, there is a more general loss of
neurones, but in this case the deficits are restricted

largély to the striatum.

In Alzheimer’s disease, there is a decrement in
15 acetylcholine-, serotonin- and noradrenaline-~ containing

neurones projecting to the neo- and palaeocortex.

Other neurologicél diseases and disorders also stem from
neural cell degeneration; the demyelination occurring in

20 :jf[iple'sclerosis, for instance, is due to the"

‘deéstruction of oligodendrocytes in the brain.

The Human Immuncdeficiency Virus (HIV) is known to enter
cells that express the CD4 receptor and cell infection

25 appears to lead ultimately to cell death. The loss of CD4



destruction of oligodendrocytes in the brain. The Human

| mmunodeficiency Virus (HV) is known to enter Cellﬁﬁh@@#@®%§{ess t he

CD4 recHRWI44d cell infection 25 appears to lead ult cell - .
death. The loss of CDerr] WO 96/ 14401 o
PCT/ GB95/ 02586 : -24- cells causes a

cat astrophic block of the entire i mungg. system and death of the

i nfected person. The nol ecul ar/cel lul ar basis of HV

i nduced- di seag€118 cauBe80Ql bitdaé2ophied b1bHIS dff the ertirte ahmire Part,

to the | ack of nodel systens to study the pathogenesis of the

di sease, partgpstenl andndeath. of the ihfected Yer¥on.sinm an

i mmunodefi ci ency virus) infected 10 primates has been considered as a
paradi gm but SIV - nonkeys do not acquire full-blown AIDS. In nmany

I nstances, they show no synptons at all. Alternati‘ve nodel s that have
been proposedThachkolieculari/géiinddr basiscofmBIV, desluchsirdideans tim '
potential ethical 15 considerations, the nmanisfestation of AIDS-1ike
synptonms 5 poorlyushderstded.nFhisalis duesr at Jeast iutpartv ito Ithe |
hi ndering research and the devel opnment of effective t her api es. 20
Thus, aninallagkert BedehcsyatrmEstei studys thed pathngenesis of the

disease, particularly in-vivo.

The use of SIV (simian immunodeficiency éirus) infected {
10 primates has been considered as a paradigm, but SIV |
monkeys do not acquire full-blown AIDS. In many
ihstances, they show no symptoms at all. Alternative
models that have been proposed'iﬁclude HIV-infected
chimpanzees. Apart from the pétential ethical'.
15 considerations, the manisfestation of AIDSQIike symptoms
in such a modei'may take severalﬁyearsy-suhstantially
hindering research and the development of éffeétive

therapies.

20 iﬁiﬁﬁ@-animal models of the various diseases and disorders
&%ﬁéﬁss;d above are essential as test subjects for
potential pharmaceuticals and in basic clinical research.

- The choice of these animal models is~presgntly very
limited because of the difficulties associated with

25 selectively destroying specific cell and/or tissue types.



di scussed above are essential as test subj ects for potenti al

pharnaceuéhﬁ d in basic clinical research. The chpgreaosfoasssese
api mal S presently very. limted because of the difficulties
associated with sel ectively destroying specific cell and/or tissue
types. WO 96/14401 .

PCT/ GB95/ 02586 . =25=- .25 Thus, according
to a further aspect of the present i nvention there is prOV|ded a

met hod of selec&hﬂéhya°°°rdi§9rﬁQEﬁlﬁﬁfﬁhe¥k$#EE¢ﬁg°%.%E?t?%ﬁ?%? ttissue or

|1 h di
St r anbeni ¢ or SATPBRARH, CRPER ey BRTE: E%terﬁﬁ%ie?éﬂc&v bl y
e e et oWl io sy o]
d |
depl ot e t hat ?sg‘ﬁe?‘c opgnien, ki dhg fhgl a%n!"%P F%L[%@‘% Hhg a
therein of g F‘; )\é:egaazﬁ.ﬁ?t fhéma{ kx?éﬁ]atz.ve s?lgglfaﬁfé ShatNEr

agent may be adn1n|s rou emc admnrstrati

is required, or EE" é{gﬁl ##g beg used. V%ere
| ocal i zed adm nla trat %?ng‘lis requi reag{ (% déi xanpl e =L e (@}’g the tissue or
cell-type to be Q‘bln@t%i‘t)e%ﬁe%ﬂﬂ%t iyt &thd kissue or RPéll Ctypé €6 @ Or to
a particular region of the body) targeted injection, T nplantation

(e.g. Isl ow rel ea&mn%edcaﬁsueiﬂ)eﬂ&d CAmet @) ZadmDii $terieg Us eselédtive
exanpl e

agent to the organism to eliminate or deplete that tissue
10 or cell type on the basis of the expression therein of

the negative selectable marker.

The selective agent'may be administered by any réute.
Where-sysiemic administration is required, oral,

15 parenteral or inﬁravenoﬁs routes may be used. Where
localized administration is required (for example where
the tissue or cell-type to be eliminated is restricted to
a éarticular organ or to a particular region of the body)
targeted injection, imblantation (e.g. slow release

20 céﬁsnles).or catheterization may'bé used. For example,

tissue in particular regions of the brain may be

specifically targeted by intracerebral injection.

The method of selectively eliminating:bz depleting a

25 particular tissue or cell type of the invention may be



tissue in particular regions of the brain may be specifically.

targetq& 3én%@5racerebral i nj ection. The net hod Ferhshapbisée! v
elimnayP depleting a 25 particular tissue or cell type of the

i nvention may be WO 96/ 14401 . _

PCT/ GB95/ 02586 ' ' : - 26- enpl oyed to
provide in vivo nodels of diseases/di s«@ékers ~ invol ving

di sease-rel ated cell |oss, for exanple i nmunodegener ative or

neur odegener atmployed to providesid yvivdemodedisc nvfiidisdages/didorders and
5 Al zhei ner' s di sease). : Accordingly, in a further aspect the
present invenineplving digeasedrelated: ilossdelfiamexample _ '
di sease/ di sorder-related .~ =~ cell/tissue | oss or atrophy conprising the
steps of: (a)immumodegenemakive eransyEsdedengratdiviehavi ng a negative
sel ect abl e mar ker opergbly |.i nked to _an expression .,k = , element (e.g. a
promoter) speRiseases/dimarders ésychcas AIDS, Parkidsgh’shand subject to
disease-rglate eliningtign or _ atrophy;- and (b) adm nistering a

sel ect i vedagettZRGHPRE"S 445€8B8lni smto el ininate or deplete the tissue or
cell type on the basis of the expression therein of the negative
sel ect abl e marker. The invention also provides a nethod (e.g. an

invitro Accordingly, in a further aspect the present invention

provides a method of modelling diseaée/disorder4related
cell/tissue loss or atrophy gomprising the steps of: (a) {

10 providing a transgenic organism-ﬁaving a negative
selectable marker operably linkéd-to an expression
element (e.g. a promoter) specific for the tissue or cell
type which is subject to disease-related elimination or
atrophy; and (b) administering a SEIective“agent'to the

15 organism to eliminate or deplete the tissue or cell type

| on the basis of the expression therein of the negaﬁive

selectable marker.

' Theainﬁention=also provides a method (e.g. an in vitro

20 ;ﬁod)'of'determining the;effect.of'a deficit in a first

as of cells on the characteristics of a second class
of cells in an ofganisﬁ, the method comprising the steps
of: (a) providing a transqenic organism having a fifst
negative selectabie'marker 0perably-linked to an

25 'expression'element specific for the first class of cells



20 met hod0 of determning the effect of a deficit in a first

cl ass of I the characteristics of a second class PCT/GBosfRkdsS | N
ap organi gﬁ#”?ﬂgﬁﬁet hod conprising the steps of: (a) providing a
transgeni ¢ organi smhaving a first negati ve sel ectabl e nmarker
operably linked to an 25 expression eLSEFnt specific for the first class
of cells WO 96/ 14401 -

= posi tive sol ectib BLHRPRE (bhcpaBPyitive seiectible marked bpdnatly ()

I i fi . | . i
hegative bel ect chrked € &fi Bpreppion bisiieht Shelicidl ods hib IR
directs the X EdPk 65! 8819£,t§§ 'E'Eﬂzt h%e&ﬁxﬁ_%%gﬁi%r i&%rléﬁaﬂlle cells
of cells; adm

of the organi smexcept the second clas nistering

a sel ective agenhatRes hfiﬂkﬂ&pi?%hoekﬁﬁuﬁﬁion elemen¥cwhich dideet s ithed

class of cells on the basis o .expression therein of the

negative sel gCt abkSréBEX6h; of Cthe ﬁQFa{:ﬂfEVb&Qe@:th&ef maPkiehe iy @A wE1iand
(d) selectively culturing cell's of the second class fromthose cells
renoved in step ¢£)the dhgahibsmsertepti thehgeevhtictliaga of cellisher(@)n of
the positive selectable marker, or (1i) the | ack of expression
therein of the rdministeringtabselectivenagkat. to the organizmmottioe inshymect
the invention provides a method of screeni ng conpounds for
phar macol ogi cal acdeficitaimi hbe first cladssedisceddsdionother basis windghe
cell/tissue |oss or _
expression therein of the negative selectable marker; (c)

10 removing cells from the orgaﬁism} and (d) selectively
culturing-cells.of the second class from those cells
removed in step (c) on the basis of; (i) the expression
therein of the positive selectable marker, or (ii) the
lack of expression therein of the negative selectable

15 marker.

In another aspect the invention provides a method of
screening compounds for pha;hacological activity against
a disease or disorder involving cell/tissue loss or

20 atrophy, comprising the steps of: (a) providing a fest
m;hel_of the disease via the steps of; (i) providing a
transgenic organism having a ﬁegative selectable marker
operably linked to an expression element (e.g. a
promoter) specific for the tis;ue or.cell type which is

25 "subject to disease/disorder-related elimination or



20 atrophy,

the dis

havi ng a negafti ve sel ectabl e marker ~operably linke

*

conprising the steps of: (a) providing a test nodel of
k@ the steps of; (i) providing a tranig@ﬂcﬁ”ﬁhggnism
to

an expression

el enent (e.g. a pronoter) specific for the tissue or cell type which
S 25 subject to disease/disorder-related elimnation or WO

96/ 14401
-28-

basis of the
produce a te

the test

28- PCT/ GB95/ 02586

atro

d th d t, I t t ot
(he or gani smACPERART naBY Eheo(hilc N DiAtETng, 3 M8l écvt‘?vaeg%tﬁmq e
ﬁ%ﬁ%ﬁéc’“ 505114 tﬁ% oF; AgeaRYe: S, Feretts B GRied (o

pasi s of i1 BFRCH oﬁﬁﬁ RAFAETShofue  BrodmRpitn WRRLTRAR (0o o

th t
mh?cknygna;gggﬂgy g@mfgﬁiHEEXbin#? gesgﬁg %ggﬁ%% gtrop q? hzqtlcular
the methogs admni?étéi?fng“iiﬁat &6 Bhﬂﬁ iBdf Bbc%%gut el %{f pect of

neur odegenrative or | nmun

egenera I ve di seases an | sorders, for.

exanmpl e: (a) rigsdéd ﬁSPél) ss€reensfig( the cohpouhlisStecbe’ tedtled HRE the be
elimnated or depleted conpri si ng dopam nergi ¢ neurones in the

substanti a

basisigf alts(LEfELA! bACtAG tesltomedell BF repUqagr. cell-type

to be elimnated or depleted conpri sing neural cells of

10

15

20

25

- The methods of the invention may be usefully applied to

any disease or disorder which is associated with
cell/tissue loss or atrophy. In péttiéular, the methods

of the invention find-particular'utility in respect of

‘neurodegenrative or immunodegenerative diseases and

disorders, for example: (a) Parkinson’s disease (the
tissue or cell-type to be eliminated or depleted
compfising dopaminergic neurones in the substantia
nigra); (b) Huntingtbn's chorea (the tissue or cell-type

to be eliminated or depleted comprising neural cells of

‘the. striatum; (c) Alzheimer‘’s disease (the tissue or

li;type-to be eliminated or depleted comprising
=§1¢holineb, serotonin- andlor!nbradrenaline- néurones.
asgociated with the neo- and pelaeocartex;-(d) multiple
sclerosis (the tissue or cell-type to be eliminated or
depleted comprising brain oligodendrocytes), (e) immune

disease and the cell-type to be eliminated or depleted



the striatum (c) Al zheiner's disease (the tissue or 20 cell-type to be
el i m nated or depleted conprising acetyl choline-, ser L0 ?gglor
neradrenalWﬁ@"l‘ﬂ@&rones associated-with the neo- and %&@é@ X:

(d) multiple sclerosis (the tissue or cell-type to be elimnated or
depl eted conprising brain oligodendrocytes), (e) immune 25 disease and
the cell-type to be elimnated or depl et e®9= WO 96/ 14401

PCT/ GB95/ 02586 -29- _ conprises CD3,
CD4 and/or CD8 ceomprises (€3 Al CBAaaud/as CD8 celldel andyd)t AIDS andnithe ed
or depleted conprises CD4 - cells. 5 In_the case of Al DS nodels,
the method of tRelkvkyPeoko be eliminatedcogsderietegecrmprises GD cte or
elimnate C4 cells by linking a negative selectable marker to a CD4
cell-specific pw%ﬂ&%%f (e.g. the CD4 receptor pronoter). Thi s woul d
permt the generation of an in vivo nodel of 10 AIDS by regul ating the
proportion of cells expressing CH by negative selection in vivo.
Furt her nore, nodel carries

e o o RS ECbE AL hBIStS]LEnE aFhog, o, soBEivefic
of the animal moatd ‘be Wégg Ee pppoiciiRaTy AapiAty pF, i ERIpRRE cpat 1
study. , cells by linking a negative selectable marker to a CD4
cell-specific promoter (e.g. the CD4 receptof promoter).
This would permit the generation of an in vivo model of
10 AIDS by regulating the proportion of cells expressing CDA

by negative selection ip_vivo.

Furthermore, in the case where the'transgenic animal
model carries both a positive and negative selectable

15 marker, any residual CD4 expressing cells could later be
isolated from the transgenic tissue of the animal model

by positive selection in vitro for further study.

Examples of various promoters suitable for use in the
20',§§t§ods of the invention described above are listed in
fiﬁié-l,-albng'with the disease(s) in which each promoter

may find application.

The invention also contemplates cell/tissue cultures

25 derived from the transgenic organisms of the invention



Exanpl es of various pronoters suitable for use in the 20 met hods of the

i nvent i I bed above are listed in Table 1, almgcﬁgsms&he
diseasé?@?gﬁ%ﬁ&hich each pronoter may find application. = The

i nvention also contenplates cell/tissue cultures 25 derived fromthe
tranageni ¢ organi sns of the invention WO 96/ 14401

PCT/ GB95/ 02586 -30- - 30- (or produced by
the cell culturing nethods of the i nvention), and sQ to various
t herapeutic ut®E BFodpged by the,gedd sn.ltunngzsmﬁ#@qdwa?t ithe wi 11 now be

described in pore detail by wa of, specific exanples. These exanples
are not intentR¥eRLION), axﬁea¥aﬁeﬁ°a¥airi1ﬁ’?’@i rperapaRFiG, paes of the The

met hods and tgchnol pgi es required to construct 10 plasm d vectors, for

exampl e, in orEP2 ¥ Wenerate the invention are well known to the
man skilled in the art. The constructed seduences given bel ow
represent exanpl es of nunerous constructs that could be used to

f t - [ 00111 THE QD 4 P b t
nEror B Ty o EETbCRLL e BUCEHMER U Mo R WU
of specific examples. These examples are not intended to

be taken as limiting in any way.

The methodsland technologies required to construct 1
10 plasmid vectors,. for example, in order to generate the

invention are well known.to the man skilled in the art.

The constructed sequences given below represent examples

of numerous constructs that could be u§ed to perform the

invention. The invention should noi be construed as

15 being limited to their use only.

A. Materials
i. Vectors
pBabeneo_plaamid vector Morgenstern, J.P. & Land, H.

20 Nucl. Acids Res. 18(1990) 3587-

3596 (plasmid is freely
available). _
pCI plasmid vector Promega, 2800 Woods Hdllow Rd,
| Madison, USA. _
25 CD2 plasmid vector Blaese, M.R., NIH}iBethesda,-USA



. Vectors pBabeneo plasm d vector Morgenstern, J.P. & Land, H 20

Nucl. Aci dgy (ﬁ%ﬁ 8(1990) 3587- ' BoNE3ss6
(plasmd is Af& avai | abl e’fc.T’G pCl
pl asm d vect or Pronmega, 2800 Wods Hol | ow Rd,
Madi son, USA 25 CD2 plasm d vector Bl aese, MR, NH Bethesda,
USA WD 96/ 14401 -31- PCT/ GB95/ 02586
- 31- : (pl asmd freelty avallable
Mil len, C. A, Kilstrup, M, ' (plasmid freely avaj )R M,
Proc. Natl. Acad. 89(1992)
33-37. 5 | Audtuliens E-A&rHﬁa"F%‘.Hz M .
Phar macol ., 43(1993) 380-387. - : |l ace
P.M, MacMaster, J.F. | Blaese, R.M., &rqq; RAtL. “Yad.
D.E., Senter, ' ' : . @@% ncer
Res. 10 54( 1564 Ty o B9 1942 %_13&(7
pl asm d vect @r Val lace, H., Kings Buil ¢ia35 .
Uni versity of Edinburgh, UK Adtin, £.2. & Hubex( BeE. Mal..
avai | able). . Pha¥iilalcdit, W3 1'9@%2“%8&38 , 10
Vassart, G, Bishop, J.0. & a " ( Shawi", )
Endocr i nol ogy, - Wallack29PLa01) MieMEstE5. J.F.,
Smith, V.F., Kerr, D.E., Senter,
P.D. & Cosand, W.L. Cancer Res.
10 : ' 54(1994) 2719-2723.

TG-TKa plasmid vector Wallace, H., Kings Buildings,
University of Edinburgh, UK
(plasmid freely available).
Wallace, H., Ledent, C.,

15 . Vassart, G., Bishop, J.0. &

AlShawi, R. Endocrinology,
129(1991) 3217-3226. |

pPBS plasmid Morgan, Nucleic Acids Research
(1992), 20, pages 1293-1299

20 .
ecul iology Reagents
Restriction endo~ Promega, 28000 Woods
nucleases : Hollow Rd, Madison, USA

25 DNA'mmdifying enzymes, Promega, 28000 Woods Hollow



pPBS pl asm d Mor gan, Nucl eic Acids Research

(1992), es 1293-1299 20 ii. Mlecular Bi %ﬁﬁgﬁpnts
Restrlé?%ﬁﬁngﬂg Promega, 28000 Wbods nucl eases - .
Hol | ow Rd, Madison, USA 25 DNA nodifying enzynes, Pronmega, 28000 Wbods
Hol | ow WO 96/ 14401

PCT/ GB95/ 02586 -32- - 32- | i gase,
ClP, T4 Rd, Madi,son, USA Mznprase etc. Agar ose for
el ect o- Si gna &ralCi®y T4; . Rd, Madisonp U8A; s Loui s,
USA 5 Polynucel tlde ki nase New Engl and Bi ol abs Ltd.

“and buffers ARG i8%F Drive, Unit 12,
M ssi ssauga, tario nstr ctlon f .gen 10 (i)
Thyr ogl obul i ng] (ﬁ faﬁlﬁg"&c cr nter nal"’cf al’cd. ng
Site-neonycin resi JG TK- a- IRES r The neomyci n
resi stance gene (n«i.:’th Ee]EréeﬁJ)(s was obt ai ne tllllu%A pBabe Neo plasmd

G geort on i t Poidpadnstjad Mitiagles: “345’% g4 81 Spia JfRL )
fragment contai ni ngrid e 1l 3397 American Drive, Unit 12,

Mississauga, Ontario, Canada

B. Construction of genes

10 (i) . Thyroglobulin-thymidine kinase-internal ribosomal

The.neomycih resistance gene (neo*) was qbtained-from the
pBabe Neo plasmid (Morgenstern & Land, Nucl; Acids Res.
15 18(1990)3587-3596) by digestion with Hind III/Cla I and
retrieval of the 1165 b.p. fragment containing the neo*
gene by gel electrophoresis and the Promega Wizard PCR

kit.

20 Egﬁﬁqppas plasmid (Morgan, Nucl. Acids Res. (1992) 20,

jes: 1293-1299) comprising the.poliovirusnderived
iﬁteinal’ribosomal entry site sequence was digested with
Hind III/Cla I. However, this could not be done
simultaneously, or, in sequence, since the restriction

25 éites were too close together. In order to overcome this .



géne by gel electrophoresis and the Pronmega Wzard PCR Kit. 20
The pPBS ghag&hgmiwbrgan, Nucl . Acids Res. (1992) 20,

1293-1299) conprising the poliovirus derived i nternal ribosonal
entry site sequence was digested with Hnd Ill/Cal. However, this
could not be done si mul t aneously, or, in sequence, since the
restriction sites were too cl ose r@ééther In order to overcone
this WO 96/1 . P 95/.0 6
- 33- pr ob|PHR e, e biesmid ves; inivial v digeqred Wikh Bipd 111

at both the 5 Zwr@% Yofie e fé‘%nﬁ‘%% "9 "bRK, coptatpirg B3p3 1 The
[ . Th | d. fi

f'hteasw- tTheHPE’Ef’l%s Pictioh ‘i‘?ﬁ -t BReRCRe g§§§%ﬁesﬁ&ééeﬁ%é%ge%nkﬁmshe
Hi ' 111 f

plh(r)]sphat ase (C S)I{J‘ CIIl:he vecC ﬂs;égéelﬂgﬁpighﬁg uls'iqr%gsgi,ﬁ'a'l Blaﬂ/"lggg?g%e gel

d a band t SEHt
e e e

The neonyci n gene was the pl asm overnig
at 15C and the ligation reactlon t ransf or ned 15 into freshly-nmde MC1061
conpetent cells.

Terminal-phosphafe groups were removed from the Hind
III/Cla I cut pPBS vector using calf intestinal
phosphatase (CIP). The vector was gel-purified using a
10 1% agarose gel and a band containing the DNA was excised

and electroeluted.

- - The neomyéin gene was then ligated into the pPBS plasmid
overnight ‘at 15°C and the ligation reaction transformed

15 into freshly-made MC1061 competent cells.

Positive colonies were identified by digestion of
- prepared plasmids with Hind III/Cla I.  The neo” gene and
- plasmid being detected'électrophoretically'in plasmid |

20  arations from positive colonies. Plasmids from the

.gécifive colonies were then digested with Hinc IT and Sac
I (both restriction enzymes leaving digested DNA with
blunt ends). The.resulting Sac I/Binc II digestion
containing the IRES-nec* fragment was run on a 1%

25 electrophofesis gel and the appropriate size band was -



"Positive colonies were identified by digestion of prepared plasm ds

wth Hi al. The neo[err] gene and pl asm GefRydpdgsect ed
electrggﬁgégk@gglly in plasmd 20 preparations frompositive colonies.

Plasm ds fromthe ~positive colonies were then digested with Hinc Il
and Sac | (both restriction enzynes | eaving digested DNA with
blunt ends). The resulting Sac |/Hi nc 1347igestion containing the

| RES-neo[err] fra nt S. run_on 1% 25 electrophoresis gel and the
appropri ate 3eised jand the DNA ecrresdnted and ethanol-

PCT/ GB95/ 02586 . . - - 34- exci sed and the
DNA el ect roel BRSREBHRERR 20! - - ‘preci.pitated. - The TG TKa
plasmd (freely avail abl e from Genbank, N H, 5 USA accession No. JO2224,
Santelli et al 1993) DNA was ' prepared using Pronega Wzard m ni

Geing " eomea eidbplarTEreerl Bril hnds ikl iR oty Ve

e BhoSP g luion abTSu6ATae, ThsePRR IR w090 B Y
a2, ) b pand SFyhedd L3RS pHSS SkSp R - L
a 1:3 mol ar raiel Wér Pt 2S"tHe ! &nd8S8E! the plasmid were blunted using
T4 Polymerase at 37°C for 1 h followed by removal of the
. terminal phosphate groups uéing CIP. The CIP was
‘10 inactivated by treatment of the DNA with _
phenol/chloroform followed by ethanol precipitation. The |
resulting plasmid was electrophoresed on a 1% agarése gél

and the DNA ﬁas recovered and ligated @ith-the insert in

a 1:3 molar ratio of plasmid to insert.

15
The ligation was incubated at 15°C overnight, and was
then used to transform competent MClOGl;cellsu.quitive
colonies were selected by digestion of prepared plasmids
w;thpaamn_x'(the correct construct provided restriction
20 -f¥lgments of size 3980, 1663, 3102 and 1039 b.p.).

Linearization of the plasmid:was:achieved.by:digestion of
prepared plasmids with Sal I restriction enzyme. The
construction is shown in Figure 1.

25

in



The ligation was incubated at 15[ err]C overni ght, and was .then used

to transfor ? tent MC1061 cells. Positive col oni epcyRipdspessgct ed
by dlgestﬁg ‘&B epared pl asm ds ~with BanH | (the correct construct
provi ded restriction 20 fragnments of size 3980, 1663, 3102 and 1039
b.p.). Li neari zation of the plasm d was achi eved by di gestion of
prepared plasmds with Sal | restriction -88zyne. The ' construction is
shown in Figure 1. 25 WD 96/ 14401

PCT/ GB95/ 02586 (ii) Cytomegalovirus-cytosine.d ase-sv4p: promoter-
Cyt onegal ovi rus-cyt osi ne deam nase-sv40 pronDt- '

resi stance (CWESSENEI LR3I LANCe (i e SPEs 4 asmi d
(Mullen et al., PNAS 89(1992)33-37) was 5 digested with EcoR | and EcoR
V, and the digest was’ electrophoresed on a 1% agarose gel where the

2 b ana o SR LS L s L 1 i o, 1999 95087, B0
e o e £ GG, and g, B

treated with po'eé%f‘c{ﬁgié?el d%f-a 1% a roJQﬁ%E 'wﬁ&f&oéﬁéﬁ%ﬁlﬂi.%ﬁfh“v‘d

with EcoR 1 and restrlctlo enzy eaving t
blunt ends), antGtragment containing the cytosine deaminase gene, the SV40

promoter and the neomycin resistance gene was retrieved
by electroelution followed by ethanol preciptation.

10
To ensure terminal phosphate groﬁps were present in the

fragment it was treated with polynucleotide kinase.

The pCI vector was digested with EcoR 1 and Sma I (a

15 restriction enzyme leaving the DNA with blunt ends), and
the terminal phosphate groups were removed using CIP and
- the enzyme was inactivated with phenol/chloroform
followed by ethanol precipitation. The band was then
gel-purified and recovered by electroelution.

20

Tﬁ;4iig§tion-was set up containing a 3:1 molar ratio of
insert to vector and was carried out at 15°C overnight.
The ligation mixture was used to transform freshly-
prepared MC1l061 competent cells and positive colonieg'

- 25 were selected by digestion of prépared:plasmids'with EcoR



the term nal phosphate groups were renoved using CIP and the enzyne
was in i wi t h phenol /chl orof orm followed b Emza“
precipﬁ@@?ﬁ@%ﬁgThe band was t hen gel -purified andﬁrggovere )Y,

-

el ectroel ution. 20 _ The ligation was set up containing a 3:1 mol ar
rati o of I nsert to vector and was carried out at 15[err]C overnight.
The ligation mxture was used to transf3d®m freshly- prepared MC1061

conpetent cells and positive colonies 25 were selected by digestion of
prepared pl ashiand \iind EEBR to provixiecreshgiction fragments of length

PCT/ GB95/ 02586 . -36- _, .1l and Hnd I

to provide rd868 &ikn 8845262 :beP-y cF8BRECtively;gEingarizationoef b p.
respectively. Linearization of _, he .pl asm,d was,achi eved by di gestion:
Wth Byl T, the "Elaskid gae rachieved by ahgeshion,mishoBel T. Y ¢ O
Production of transgenic aninals Transgeni‘c rats wer.e produced by
est abl i shed net hods 10 (Hogan, B., Constantini, F. & Lacy, E. (1986)

Mani pul at g ng e ' v ahor at o ugl, Cold. Spring

Har bor La%.Lighc§%§§§%é¥$%§§o+?AR§§88rg£b?¥gp?g 2. approximately 2 pl of
the plasm d were mcroinjected at a . concentration of 5pg/m into the
pronucl eus of outbred -

C. Production of transgenic animals

Transgenic rats were produced by established methods S |

10 (Hogan, B., Consténtini, F. & Lacy; E. (1986)
Manipulating The Mouse Embryo - A Laboratory Manﬁal,,Cold
Spring Harbor lLab., Cold spring Harbor, NY). In brief, |
‘approximately 2 pl of the plasmid were microinjected at a
concentration of S5ug/ml into the pronucleus of outbred

15 Sp:ague;nawley embryos. Embryos were then implanted into
pseudopregnant recipients, and'after identification of
transgenic animals, lines were isolated and established.
Lineg were maintained as transgenic hemizygotes by mating
hemizygous females with non-transgenic males.

20

i. Fibroblast cells.

Fibroblast cultures derived frqmslung-of'adult CD2/neo”,

25 TG/TK/neo” and control animals were produced and expanded .



15 Sprague-Daw ey enbryos. Enbryos were then inplanted into

pseudopregnant recipients, and after identification of LC
ani mal s, %Vﬂggmﬂﬂ¥e i sol ated and establ i shed. Li nes mé$%igaln§alned

as transgeni ¢ hem zygotes by mating - hem zygous females with

non-tranagenic males. 20 D. Positivel/negative selection of cells

fromtransgenic animals in vitro =37- i. Fibroblast cells.

Fi brobl ast cultures derived fromlung of adult CD2/neo[err] 25

TG TK/ neo[ err] bydroutinel mekhidss (\Ee:neshpleqdudaﬁ'land AamiRiediss, NewD

96/ 14401 PCT/ GB95/ 02586 -

-37- by rderkhe nBweoty-Epnsshovys( after plating, Igenstigim

York). Twenty-four hours after plating, geneticin (400pg/ M) was

added to cul t ur £408ugdmiit wag ﬁﬂd#ﬂb@@hculture@]%é%fnﬂtr% hakhy and

fromcontrol rats, and 5 repl aced every three day$ wi_th fresh nedlun1

When requT-YEEs eél F§aﬂéﬂén§Gb€éFﬁuﬁ@@ (ff% aantrad, &atsmand

becom ng confl uent basic culture, ods Fres 1987).

Cel | counts Eeﬁﬁﬂﬁgaaﬁﬁé yythregpdays wi §53'nc‘)‘?é1+“$'h' Bﬂﬁﬁ/and t he

val ues at each tlne 10 after_ all h es due .t

subcul turing, weP® ged, GBLLE HeEs Spbe é%ségn %Sr %ﬂgﬂflﬁ vent Q:ﬁwcgm

fibroblast . d Rtr i_mal s. Qf, e eo[err]

transgen ¢ survPoSEmBIcEPRETdebtanyg Rt By e T BeTieded” mpEnbad

the absence of ?ﬁggghQEQEEbgﬁnu nEeiaa@gﬁnts were made manually in 20
fields chosen randomly and the values at each time point,

10 after allowing for changes due to subculturing, were
aggregated. As can be seen from Table 2,_no fibroblast
cells derived from control animals or the TG/TK/neo”
transgenic survived more than 10 days treatment with
geneticin. In the absence of added.geneticin, no change
15 in cell survival from either of the transgenic animals

was observed.

The effects of 5-fluor6cytosiné (5FC) were also-.
~determined. 5-fluorocytosine at a concentration of
20 100pg/ml had no effect on fibroblast cells derived from
cbﬁfrol.animals qi'froﬁ'the TG(TK/neo"tranégenic. In the
cells deiived from the CDZIneo‘ tﬁansgenic animal,
| however, 94% of ﬁhe originally-plate& cells died, or were
non-functional (as.determined by their failure to exclude

25 trypan blue) after.lo-days culture in the.presence of SFC



15 in cell survival fromeither of the tranagenic animals was

observ The effects of 5-fluorocytosine (5FC) ﬂgm
determ%ﬂgamgoh uorocytosine at a concentration of 20 100pg/ m had no
effect on fibroblast cells derived from control animals or fromthe
TG TK/ neo[err] transgenic. In the cells derived fromthe .

CD2/ neo[ err] transgeni c ani mal, -B8mever, 94% of the originally-plated
cells died, or wer non- f unct i onal (as det er mi ned by their failure to
excl ude 5(Tﬁb}saﬂ)b|u@wegqnﬁraaﬁxkg% %&9@%#%?4##t¢$¢%ﬁ€%§ﬂ%e1§f 5FC

WO 96/ 14401 PCT/ GB95/ 02486

- 38- eeddy @Pt%y%m betag 4l tures dFFPR EARETPH rats

cell counts was un etvveen uItures fro trol {s
absence and Pe§&‘ﬁ tfﬁs or bgt"'%ﬁa 'E%ﬁ'?’&?%% taken

Table 2 ”e°%§%%rﬂ§§' elfné:aﬁﬁ%d{ra eoﬁiecﬁmodgﬁ Fodon Hh ‘abtertelos

cont rol d g , d effects of vari ous drugs.
10 L L %%JCC (Eﬁtbsle EtBays in culture - Genot ype/ dr ug

1 3 5 7 9 11 Control . ' 100 100 100
100 100 100 TG TK/ neo[err] 98 97 98 95 95 96 15

CD2/ neo[err] rable 2: Survivéd ofdun 2£J.b:.9.§>14é3|.5 cePfs derivedOfieml +
geneticin 99 1@bntr¥l amb tra glen rats, dadKépeetesrost
geneticin 97, 105vaki%usl Grugdd 2/ neo[err] + geneticin

91 94 1091 93 107 105 .

o
Control . 100 | 100 | 100 | 100 | 100 | 100 | |
| re/TR/nec . . 98| 97| 98| 95| 95| 96|
15 WCD2/neof | 92| 93| 92| 98 [105| 98|
“ Control + geneticin "99'{101 | 85| 23 5
"TG/TK/neo‘+-genet1c1n ] 97 | 105 | 108 | 101 | 105 | 112
“ CD2/nec” + geneticin 01 | 94 | 91| 93 {107 | 108
Control + SFC 101 | 105 | 98| 97| 93| 96
20 | TG/TR/neo" + 5F¢ - . . |. 98| 96} 95| 92| 92| 93
. __C_I;_Z;/neo‘, + SFC
§:7 . were added at day 2 in culture. Values are related
ta he number of cells found in control cultures without
25 fug additions at various times after plat:.ng, and -

allowing for dilutions resulting from passag:.ng. Figures
. are- the means of three separate determinations, the
standard errors-all being less than 15% of the mean.



control + 5FC 101 105 -98 97 93 96 20 TG TK/ neo[err]

+ 5FC o 98 96 95 92 92 93 CD2/ neo[ e

94 W0 $6/14401 4 4 Drugs were added at day %’ﬁl’m e.
Val ues are rel ated to the nunber of cells found in control cultures
wi thout 25 drug additions at various tinmes after plating, and

allowing for dilutions resulting from passgg.ng. Figures are the neans
of three separate-determinations, the standard errors all being |ess
than 15% of the fBanThyroid ¥We13@ 14401 -

PCT/ GB95/ 02586 - 39- ii. Thyroid
cells ThyThiyydoddl tulésres idexdviedrixdme tthe rahiyraidirglarid aolfi| ddult

CD2/ neo[err], TE TK/ neo[err] and control aninals were produced by

routi ne met hods CP2énenty, TGYER)nedhvand -dontrabuanimal$ wexke cproducedgby
geneticin (400pg/mM) was added to cultures ori‘gi nati ng from both
types of transgerPuting meshods: (&reshney, rkt87) .andweantiynhonre hoyrs hr ee
days with fresh rredl um When requi red cells were subcul tured (1:2)
to prevent S5 aftpg plﬁwm.nge@a#m%t (408u4g/mlguWae \addedin GiHaares
10 in 20 fields chosen randaom the values at each tine i nt,
after allow ng fBF-"-EF'r&HQéEgdlfG HYRes RF transgenjg é‘%g@%a‘f%‘g‘:f°l

a0t hey ol o G o e ey, e B Bl Fad 08

O o 5 g, el P e, DRSS

TELOENCTTIRVEt BB AGA bk A ot N

control celljp digpn9ph- £P8hlS chosen randomly, and the values at each time
point, after allowing_fér changes due to subculturing,
were aggregated'(Table 3). Ten days after the initial
application of geneticin, 10ug/ml acycloguanosine'(ACG,
Sigma) was added to thyroid cells originating in the

15 TG/TK/neo® transgenic. Ten days later, cell counté were

again made of 20 fieldg chosen at random. Results are
given in'Table 3. To summaraize; cells derivéd from both
types of transgenic'aniﬁal survived the geneticin

treatment, whereas i:he control cells did not. Cells

20 di r:r.ved from the TG/TK/neo” transgenic did not survive ACG
treafnient, whereas the cells -derived.- from the control
anixﬁals' did. The results were as expééted in view of the
specific and non—specific expressioh of the positive and

25 negative selection markers, in the TG/TK/néo‘ an& CD2/neo”



20 derived

fromthe TG TK/ neo[err] transgenic did not survive ACG

treatnment, whereas the cells derived fromthe control

The reNOO¢

ﬂﬁh s did
14801 c as expected in view of the speci#?gw%n Qﬁk“ '

non-speci fi c expression of the positive and 25 negative sel ection

+ ACG

markers, in the TG TK/ neo[err] and CD2/ neo[err] WO 96/ 14401
PCT/ GB95/ 02586 -40- - 40- t ransgeni cs,
respectively. TG TK/ neo[err] transgenic rat thyroid cells cultured in
the absence transgeadd¢sd despectiveldid i3/ T/inent trapagerisa qates in
their gromh or survival conpared to control thyroid cell cultures
(Tabl e 5 t!;yrmd cellpgisud turedsin,ithe ahsenge 9% ary|added; dvugfrom
control and transgenic rats, and effects of various
dr ugs. 10 dld not exhxbzt any lffeﬂ!ﬂﬂ##ri&uﬁh%#%&gr°Wt @Fot ype/ dr ug
ioo ?00 105urv1val-|-gpm;gg[ é:,q,]contro%. thyro.tﬁ ce.‘b’ls cu%%uregz('%iog&eloo
15  CD2/ eoh rrj _ 99 103 102 97 89 91
Cont rol genéticin 95 91 85 56 9 4
TG TK/ neo[err] + geneticin 104 105 98 98

- CD2/ neol[err] + geneticin 93 107 105 'Cbntrol

08 38 12Tabi8 394 Su%% vaggof %@&ﬁéﬁﬁ ég¥3 éa1¥%&ﬁqéoﬂt£gg%

d
93 93 97 88 San ngans re a at day Trocurture. o Val ues are
related 125 to the nunga of cells found in control cultures w thout :
drug additions at various tlnes afpys Pi Rt &@Btupad al l ow for diIutionqr

resul ting fr e o e o T O O o O T Py | e

det er mi natlosi_mmzmimd

15

20

25

30

Control
TG/TK/neo”

|

- |

CD2/neo* | 99 {103 [102 | 97 | 89 | 91

-. . |

Control + geneticin 95| 91 85| s6 | o] a4l

TG/TR/nec’ + geneticin | 104 | 105 | 98 | 88 | 93 | os |

lICDZIneo‘-f geneticin 91 | 94 91 | 93 | 107 105“
| control + ace | oa| 97| 98| 91| 92| 102

TG/TK/neo-‘ + ACG = 98 | 38 ] 12| 10 8| 7
; cn2/neo‘ + ACG : '

DE3§s=were added at day 2 in culture. Values are related
to the number of cells found in control cultures without
drug additions at various times after plating, and allow
for dilutions resulting from passaging. Figures are the
means of three separate determinations, the standard
errors all being less than 15% of the mean.



e€rrors all being |less than 15% of the nean. 30 WO 96/ 14401

PCT/ GB95/ 02586 -41- g&K?E@Qﬂﬁéed
sterilitvWo9/1448e culture using cells from CIQ-neof rr ransaenic
ani mal s Cultures of spinal cord cells derived fromthe

CD2- neo[ err] 5 transgenic rat were grown in small flasks, using
previ ously established nethods (Foster et-gi-, (1990) Eur. J.
Neurosci. 3, 32-39). At the beginning of the experimental period, in
the region of 108.yeBahanpedcsterilit tidsusveylture usingtdell s

| abor at ory 10 mi crobi ol ogi cal contam nants, were introduced into the
flask. At the sa@bP2+nee® deresmsgenic| animhlswas added. Thereafter,
al | mani pul ati ons of the nedium and additions to the flask were
conducted outside the sterile environment of the lamnar flow
cabinet. Sixty days 15 after the initial plating, no evidence of any
f or m of cenitureaat pénspidalpserdncellngdearivead: ftxamithe GRarneo”
devel opment of the neural cells appeared uninpaired conpared to

uni nfected cont r bFaBpgRBACCEAY Weres IFown iim small flamkeh e of
of 60 days. i n viPREVIBRRLY esFablished mathods dEARkar Momont (S Tkt
cTorYos () and Lo - wapsSRiaconeh W oI e B Pl 0
| experimental period, in thé region of 100 yeast spores,
and unknéwn amounts of other commbn laboratory
10 microbiological contaminants, were introduced into ﬁhe-
flask. At the same time geneticin (lmg/ml) was added.
Thereafter, all manipulations of the medium and additions
to the flask were conducted outside the sterile |
environment of the laminar flow cabinet. Sixty days
15 after the initial plating, no evidence of any form of
contamination was apparent. Indeed, the survival and
development of the neural cells appeared dnimpaired
compared to uninfected control spinal cord cells grown in
the absence of geneticin (see fig. 3, which shows phase-
20 -féf trast photomicrographs of 60 days in vitro spinal.cord
ﬁéulfhres.derived from control rat embryos (A) and from
CD2/nec® transgenic raf. embryos (B) at day 14 of
gestation. Thé latter cultures were deliberately
infected with yeast and other microorganisms, and

25 simultaneously treated with geneticin. No infection could



i nfected with yeast and other m croorgani sns, and 25 sinul taneously

treategd w eneticin. No infection could WO 96/ 18éP/6B95/02586. .

PCT/ GB : -42- be discovered
after geneticin application, whereas" infected cul tures w thout
geneticin were overrun wth m croorganismgrowh within 4 or 5 :
days). 5 F. Ablation of thyroid *8Bricle cells in vivo Adul t

female rats 552509). were injected intra-peritoneal léi, with 50 ng of
ACG per day P6r d¥scovieredalier geneticin application, ;fherease final

i njection, serumlevels of T[err], ,and T[err], ,10 were neasure Amer sham
U St oui HRG R culkiymels (ACHONE 'GeReticin welf GRAEERR HLBATE. © 0. 05
ni to less than_0.06 . nM T[‘Ye#@-% d frgn@S&ﬁ @3.2 nMto less than
2.5 nM e ) iy e ) A 8 it o of €2 Phe to tranagenic

ani mal s resulted in a small but non-significant fall in T[err] to

0. 68 15 @0.07 nM(N=6). The thyroid glands of transgenic rats

treated wt hﬁ%&q@;&%@%%&éq ;gj_i&!?e%@éq ;gew 'F‘%'HP ori gi nal

wei ghts. Histoch Inds reveal ed an
al nost conplete | oss of follicular cells, with only non-follicular,
per haps 20 calcitonin-producing cells, remaining. Admnistration of

| over amount adefl tAeniadle Gt e(szsdc@d wérd DjddPéd ! Dfra-peritGhediey’|
and T[err]. In nost other tissues Tromtranagenic ani mal s,
ESV-t hymi di nerikihn§9e neCiofviNOG (gl aderfed period of 5 days. Seven
days after the final injection, serum levels of T, and T, (
10 were meé_sure_c_i. (Amersham, UK), and found to have fallen in
transgenic animals from 0.76 @ 0.05 nM.to. l'e#s than 0.06
nM (T,) and'from 58.2 @ 3.2 nM to J.ea__s.' than 2.5 nM
(T,) (N=6). Administration of saline 'tc_: transgenic anima_l.
resulted in a small but non-signi_fiqan_t fall in T, to .0.6_8
15 @ 0.07 nM (N=6). The thyroid glands of transgenic rats
treated with ACG for 12 days had shrunk to 7% of the
originai weights. Histochemical analysis of these
thyroid glands revealed an almost complete loss of

fql_licnlar cells, w-i_th. only non-follicular, perhaps

20 ; -""':'étdnin-producing' cells, remaining_.-;- Administration of

- r Amounts of ACG per day resulted in a partial loss

' of:_‘.r, and T,. ._ In most other .tissues ftoml-transgenic'
animals, HSV-thymidine” kinase activity (Brj,nst.er et al.
(1981) Cell 27, 223~-231; Jamiea_on et al. (1974) J. Gen.

25 Virol. 24, 481-492) was not expressed in detectable



(1981) Cell 27, 223-231; Jamieson et al. (1974) J. GCen. 25 Virol. 24,

481-492) xpressed i n detectable PCPCTRSEIS02%E6 \\O
96/ 14401 W@§9ﬂﬂ&w? -43- anounts. No hi st ochenica
evi dence of cell |oss was dennnstrable i n parathyroid, submexillary
or adrenal gl ands, nor in heart, gSey or brain. 5 1n sunmary,
both types of transgenic ani mal , or the C therefrom were
apparently nor nal appl i 0

appropri ate. AfP@P“ % N %ﬁbékéﬁﬁ%ﬁ} evﬁééﬁggré%f%o %§f§%83? i t he
cells upon % 10
dest roygd In 98 gﬂ | gﬁ§sii IE"lrl P%m%’ﬂﬁd"ansgem C afr‘lﬁgn%?éa‘%re
resistant to th lSMBQtoﬁb& b Yart0f kidney B ULFiM, Whereas cells from
non-transgeni c contr wer e corrpll tay era I cat ed. 15 Exanple
2: Proposed protocol for t he production of a transgeni c nouse bearing
both positive and neaative sel ect abl e markers The herpes
simpl ex virus (HaViumbuFy) Both el Hiddsgeri: anipel Abdy thekedlls
the tk pronoter) and the bacterial neonyci n phosphotransferase (neo)

gene (operably khekedrom, were adppaPéttinamormabradtil spplitatbonioafo the
appropriate cloning sites of a plasm d vector.
either ACG or 5FC, as appropriate. After such
application, either in vivo or in vitro, the cells upon
which sensitivity had been conferred were rapidly
10 destroyed. 1In addition, cells from both transgenic
animals were resistant to the cytotoxic effects of

geneticin, whereas cells from_nqn-transgenic.controls

were completely eradicated.

15 Example 2: Proposed protocol for the production of a
transgenic mouse bearing both pgsi;ive and negative
selectable markers

Ihe herpes simplex virus (HSV) thymidine kinase gene (tk)

20 ;fferahly linked to the tk promoter) and the bacterial

neqﬁ&c;n phosphotransferase (neo) gene (operably linked
to the SV40 early promoter) are cloned into the

appropriate cloning sites of a plasmid vector.

25 The plasmid vector is digested with restriction



25 The plasm d vector is digested with restriction WO 96/ 14401

PCT/ GB95/ 02586 -44- gﬁﬂﬁﬁg@ )ses. and
a fragmeeet#it ai ni ng both the tk and neo sel ect ab® (along .

wi th the expression: el ements operably linked thereto) is isolated on
an agar ose gel . 5 The fragnent isolated on the gel is then
purified and injected into nal e-§4onucl ei” of fertilized one-cel

nouse eggs at a concentration of 1-2 ug/m DNA in TE buffer

(10mMM Tri s, éhddndcléagdebhandla) f£ramerycontairiosy bdith dire ekl &ndm a CBA
x. C57BL/ 10. mat i ng. The eggs which survive mcro-injection are then
t ransf err ed neopselecbabjeamarkers dalongleddh the @xpressionin \Wagner et
al. (1981) PNAS 78, 5016, and allowed to 15 develop to term At
7- 14 days ofebgmentachappupbly diakedetheretsr)eris rdisolated gretamr the
transgenes are present., DNA is prepared from ~ “ a section of the tail by
the nethod RBXFPBRJIIGH-Sanbrook 20 et al. (1989) "Ml ecul ar C oni ng",
Col d Spring Harbor. - The presence of the neo and -tk genes is

det er m néd by probing with | abelled tk and neo-specific probes.

The fragment isolated on the'gel'is then pﬁrified and

injected into male pronuclei of fertiiized one-cell mouse

eggs at a_concehtration‘of 1-2 ué/ﬁi’DNA"in TE buffer

(10mM Tris, Ph 7.5, 0.2 Mm EDTA). The eggs are those (
10 derived from a CBA x C57BL/10 mating. '

The eggs which survive micro-injedtion are then
transferred to pseudopregnant'females as deécriﬁed'e.g.
in Wagner et al. (1981) PNAS 78, 5016, and allowed to

15 develop to term.

At 7-14 days of age, each pup is analysed to determine
whether the transgenes are present. DNA is prepared from
a section of the tail by the method described in Sambrook

20 k. (1989) "Molecular Cloning", Cold Spring Harbor.

™ presence of the neo and tk genes is determined by

probing with labelled tk and'heo-speéific prohes.

The transgenic pups so identified are mated and their

25 offspring also‘analysed to check for Mendelian transfer



The transgenic pups so identified are mated and their 25 offspring al so
anal ysed to check for Mendelian transfer

PCT/ GBO5/ RBSHI40 96/ 14401 PGE/CBISI2SES ¢
the transgenes. Exanpl e 3: Prooosed protocol for the selective

cul ture of nmouse thyroid follicular cells 5 Transgenic m ce
are prepared as described in Exanple 1, =45~ except that the neo gene is-
pl aced under the control of a t hyrogl obul in pronoter (e.g. described

by Christophe e§f the tPans§dfg89) Ml ecul-ar and cel | ul ar endocri nol ogy
64(1) 5- 10 18; Christophe et al (1987), 19, Suppl. 17, pp 70-73; and

Ledent et al. (1990), PNAS, 87 (16), pp 6176-6180). The transgenic
‘mce are sacrificed and the thyr0|d ti ssue reaned and a primary

cul ture prepar eka ol e] of g B
kills cells not expresslng the neo gene and results I n the sel ective
culturing wthimouge D - kgui : t hyroid
follicular cells. 20 Exanple 4. Proposed protocol for the preparation

of nmofocl onal anti body

Transgenic mice are prepared as described in Example 1,
except that the neo gene is placed under the control of a
thyroglobulin promoter (e.g. described by Christophe et
g;.-(1989) Molecular and cellular endocrinology 64(1) 5-
10 18; Christophe et al (1987), 19, Suppl. 17, pp 70-73; and
Ledent et al. (1990), PNAS, 87 (16), pp 6176-6180).

The transgenic mice are sacrificed and'the'thyroid tissue

removed and a prihary culture prepared in the presence of
1S antibiotic G418. This antibiotic kills cells not

expressing the neo gene, ahd results in the selective

culturing within the primary (mixed cell) culture of

thyroid follicular cells.

20

mogoclonal antibody

The bacterial neomycin phosphotransferase (neo) gene
(operably linked to the SV40 early promoter) is cloned

25 into the appropriate cloning site of a plasmid vector.



The bacteri al neonyein phosphot r ansf erase (neo) gene (operably |inked

to the SV40 early pronoter) is cloned 25 into the appr | | oni ng
site OWOH6{1440Im d vect or. WO 96/ 14401 p@ﬁ&hfst;o%sfé -

PCT/ GB95/ 02586 - 46- The plasmd is
‘then digested with restrlction - endonucl eases and a fragnent
cont ai ni ng the neo sel ectabl e uggker is isolated on an agarose gel,
and transgenic mce bearing the neo transgene are then 5 prepared

essenti al | y mfe qddmiredis neheR@igedted with réBerdgtionan against which a
nonocl onal antibody is requited is purified and injected into the

transgeni ¢ endonudlefads cixid cd fragmenti bortabiniagakhegneot h Freund's 10
adj uvant. The nouse is then sacrificed and the spleen renoved and

pl aced in tisslectablermafker dis Theotatednonsan agarveasgelapand to release.
t he | ynphocytes and these are i sol ated by céentrifugation. The -

| ynphocyt es toansdanic mice rheaxingtthe neel tnansgenenaper then in the
presence of 15 polyethylene glycol to induce fusion and produce

hybri donBs. prepared (gagenfinkblyres séescribedyinyEsrmpdeat lng the culture
mediumwi th the antibiotic 418 on the basis of the 20 presence of
t he neo sel ectable marker in the nouse | ynphocytes.- The hybri domas -

are then C“yﬁgjgﬁéi&égtééganst which a monoclonal antibody is
required is purified and-lqjected into the transgenic
mouse prepared as described above albﬂg-with Freund’s (
10 adjuvant. The mouse is then sacrificed and the spleen
removed and placed in tissue culture fluid. The spleen is
teased apart to release the lymphocytes and these are
isolated by centrifugation. The lymphocytes are then
mixed with a myeloma fusion partner in the presence of
15 polyethylene glycol ﬁo induce-fusion.and produce

hybridomas.

Hybridomas are selected by supplementing the culture

medium with the antibiotic G418 on the basis of the

20 nce of the neo selectable marker in the mouse
lymphocytes. The hybridomas are then;clpned.by~limiting
dilution and the relevant clone identified by screening

via the appropriate binding assay. -

25 The myeloma cell line does not need to have a'negativef



dilution and the relevant clone identified by screening via the

appropriate bindi ng assay. 25 The nyelonma cell line do RSlos886 t O
have a neJéQ /14401 WD 96/ 14401 ' PeT

PCT/ GB95/ 02586 _ - 47- sel ect abl e mar ker
(e.g. HPRT[err]). Moreover, the presence of (418 in the culture
medi um reduces or elimnates the risk =47=of culture infection. 5
Exanpl e 5: Proposed protocol for the preparation of a ~rattine nodel

of Parkinson's deiegtable markerhd ehay.pndHPRE Ipl ¥Yereover,(the) presengenof
ki nase gene (tk Is operably linked to a pronoter. which is active

only in 10 doéamnépgmben@ml&m medinm sadnaas iF Miinakes | e risk

into the appropriate_cloning site of a plasm d vector. The plasm d

i s di gested wi t RfacRatRrRcdnERcEi®ruc] ease and a fragnment contai ning
the tk selectable marker is 15 isol ated on an agar0se gel, and transgenic
rats bearing the tk tranagene are then prepared essentially as

descri bed i%[Ex ple 1. .. Ganciclovir. is then adm.nistered by
injection inNto THE ' L PR e B RO Qe s = tR AL RP AR L0008 1

transgenic rattine model of Parkinson’s disease

The herpes simplex virus (HSV) thymidine kinase gene (tk)
is operably linked to a promoter which is active only in
10 dopaminergic neurones in the substantia nigra and cloned

into the appropriate cloning site of a plasmid vector.

The plasmid is digested with a restriction endonuclease
and a fragment containing the tk selectable marker is

15 isolated on an agarose gel, and transgenic rats bearing
the tk transgene are then prepared essentially as

described in Example 1. -

Ganéiclpvi:-is-then administered by injection into the

20 snhgtantia nigra regions of the brain of the transgenic
rﬁfg to specifically élimiﬁate or deplete the-
dopaminergic neurones expressing the negative selectable
tk marker, thus providing a rattine model of Parkinson’s
disease. |

25



rats to specifically elimnate or deplete the dopam nergi ¢ neurones
expressing the negative sel ectable tk mar ker thum&g&%%%@
ratti neWea#40df Par ki nson' s di sease.

PCT/ GB95/ 02586 -48- Exanpl e 6:
Proposed protocol for the preparation of a ratti ne nodel of -
Al zhei ner' s di sease The her pesgg+npl ex virus (HSV) thym dine kinase

gene (tk) 51is operably 1inked to a pronDter mhlch S actlve only in

acetyl chol'i nBxampade Dok [ oas(als 5y - aasoci at ed
wi th the neo- and palaeocortex IS cloned into the approprlate cl oni ng
site of a pl gaktdns £ » L€ geagh gested with a restriction
endonucl ease and a fragnent contalnlng the tk sel ectable marker is

I sol ated on an agarose gel, and transgenic rats -bearing - the tk
transgene are then prepared essentially as .- described in Exanple 1.

15 GanThe| berpess simpd exd viigus (HEY hythymidine kinase tqene (tk)

aapropriate region of the brains of the transgenic rats
speci fical | yi8| PeeﬁabéYor’-laécﬁﬁette #hPramatac thich-is actlvee%le:bm-

and/ or noradren neurones a soclated th 20 .the neo- and
palaeocortexaﬁﬁgYégspﬁénﬁﬁe REF 8@9&%“ d/or’ noradrenalfrie- Heurones

associated with the neo- and palaeocortex is cloned into

the appropriate cloning site of a plasmid vector.

100 The plasmid is digested with a reeﬁriction endonuclease
and a fragment containing the tk selectable marker is |
isolated on an agarose gel, and transgenic rats bearing
the tk transgene are then prépéred-essentially-as

described in Example 1.

15
Ganciclovir is then administered by injection into the
aapropriate region of the brains of the transgenic rats
to specifically eliminate or deplete fhe acetylcholine-,
serotonin- and/or noradrenaline- neurones- associated with
20 g?x %ee--and"palaedcortex expressing the negative

ss-eétéhle=tk’markei, thus providing a rattine model of

Alzheimer’s disease.



Selectable tk narker thus providing a rattine nodel of Al zhei ner's
di sease. -49- .

- PCT/GBYS/I02386
IHli frgggmgﬁsarlmummmu}H"Iaw ng. cells : : containing HACED

het er ol ogous DNA conpr*i singta ¥rahsgene 5 -encodi'ng a positive selectable
mar ker and a transgene encodi ng a agegative selectable marker, the

or gani sm bei ng e.g. essentially normal but for tﬁﬁs%ﬁEﬁ??ﬂ@!EEEN

phenot ypes QLEEEE%”Q from:the transgenes. . 10 2
eukaryotic organismhaving cells cont ai ni ng hetnrnlnnnnc DA

conprising a transgene " encoding a positive sel ectabl e marker and/or a
transgene encodi ng a negative sel ectabl e marker, the organi sm being
essential ly nolnelA arsyernite ataryotice cptgmimehaviﬁg eelysng fromthe
transgene (s). 3. A transgenic organi smaccor’ding to claim1l or
claim?2 wieontaining dretextologaus| DHA ,cémprisingl 2 tramsgebeat e

(e.g. a mammal, for exanple a rat, rabbit, pig or nouse). 20 4 A

t ransgeni ¢ %r gmﬂmm cpqa}t:ormr@emwle hmarker andcadtrgnsgenes

havi ng a genotype which is essent|MIf/ wld type but for the presence
of the heterol 6869sipgra negative selectable marker, the organism being

e.g. essentially normal but for the selectable phenotypes

arising from the transgenes.

10 2. A transgenic eukaryotic organism having cells "
containing heterologous DNA comprising a transgene
encoding a positive selectable marker and/or a transgéne
encoding a negative selectable marker, the organism being
essentially normal but for the selectable phenotypes

15 arising from the transgene(s).

3. A transgenic organism according to claim 1 or claim 2
which is an animal or a plant, for-example a vertebrate
(e.g. a mammal, for example a rat, rabbit, pig or mousej.

20

4. iﬁ:t#ansgenicforganism according to-any one of the

. preceding claims having a genotype which'is.eSSentially
wild type but fof-the presence of the heterologous DNA
and/or wherein that portion of the heterclogous DNA which

25 is expressed in the cells consists of a
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and/ or wherein that portion of the heterologous DNA which 25 is expressed

in the cells consists of a : PCT/CE%;%G
MRS SHE@CHR@%E' rker andLm—a—%g’@ﬁggen

t r ansgW@9&Hdei ng a posi

encodi ng a negative sel ec ableggplkggg eac tiransgene bei ng operably

li nked t.0 an expressi on etesent of=ei=enent s. Uwimumlnmmuni nsgenl C
organi sm according to any one of the-so_ precedi:n

| east one of 't he sel ectable markers is operably | F nked '

regul at abl e tpalsftie encoding| £"Poéitivel sebettablar maxkep! ana/brs aue- or
cell- 10 specific expression elenment or elenents. 6. A transgenic
or gani sm ac tcwafisgere ercoding vdaiegative setacbabiecmasker,meakhr is
differentially regul ated, each mar ker for exanple being linked to a
di fferent titssansgene bdingy|dperaklyilinkedctoi an ekpreasion elements.

7. A tranageni c organi sm according to any one of the precedi ng cl ai ns
wherein at lcxastlements ect abl e narker I's constitutively expressed.
20 8. A transgenic organi smaccording to any one of the

precedid@ cl aims wherein the heterologous DNA further conprises a

reporter trans e for exanple 3-
P %.transgenfé rganism according to any one of the

H

preceding claims wherein at least one of the selectable.
markers is operably linked to a regulatable expression
element or elements, for example a tissue- or cell- N

10 specific expression element or elements.

6. A transgenic organism according to claim 5 wherein
each selectable marker is differentially regulated, each
marker for example béing linked to:a different tissue- or

15 cell-specific expression element or elements.

7. A transgenic organism according to any one of the
preceding claims wherein at least one selectable marker

is constitutively expressed.

20 -
B;fiftrausgenic organism according to any one of the
preceding claims wherein the heterologous DNA-furthei
comprises a reporter transgene, for example 3-
galactosidase or luciferase.

25
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dal act osi dase or | uciferase. 96714401

PCT/ GB95/ 02586 9. Aty £W§g%*|"qﬁ§; Ej yﬁﬁ@m accordl ng to cl ai m 8
wher ei n t weo'96/14401 1 eport er trahsgen®EPEAGHr abl y 1 i nked t o RET/GBIPIESE
el enent or el enents which are Subject tq. cell-:or tigsue- speC|f|c

{ﬁgul At Onprecegi ng cl allgs @hgglnzgem C .O;f.am > ?;;30[ ﬂummllmm Iﬂml Im

sel ectabl e marker is selected from 10 neomyci n phosphdtr&nsfertse,
hygronycin 9. A trafisgehot oRghaisse accvtdinge HE e w D et 0 the
transferase, the Herpes sinplex.virus type 1 t hym di ne ki nase,
adeni ne phosphofeposyeir epahsgane is operablyeldnkeawh ¢tdn rexpression
phosphori bosyl transferase and/or 15 t he negative sel ectabl e marker
is selected froelement or elbments whtphenrelsuhjaqhetbtdgmmfhdnaﬁmsunﬁr
adeni.ne phosphori bosyl transferase, hygronycin ‘ phosphot r ansf er ase
and hypoxanthlnepeclflc regubabsphorlbosyltransferase,'and/or 20

(b) the expression elenment is selected from ()
pronoters a®d/ or enhancers which are - :

10. A transgenic organism according to any one of thé

preceding claims wherein:

(a) the positive selectable marker is selected from
10 neomycin phosphotransferase, hygromycin
phosphotransferase, xanthineguanine phosphoribosyl_
transferase, the Herpes simplex virus type 1
thymidine kinase, adenine phosphoribos?ltransferase
and hypoxanthine phosphoribosyltransferase and/or
15 the negative selectable marker is selected from
| Herpes simplex virus type 1 thymidine kinase,
adenine phosphoribosyltransferase, hygromycih
phosphotransferase and hypoxanthine

phosphoribosyltransferase, and/or

20
“(b) the expression élement is selected from:
(I) promoters and/or enhancers which are
specifically active in: (i) dopaminergic,
25 serotoninérgic, GABAergic, cholinergic or

-
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specifically active in: (i

dopan1nerg|c 25 ser ot oni nergi c,
GABAer gi c, cholinergic or THISO,J et

?ﬁ!ﬂﬂﬁﬂ“ﬂﬁfl\

pept i dcwqmlﬁemones and [sub =%HMS3B_EENE -

ol i godendr ocytes, astrocyies aﬁ BPLACED . “sub- popul ati ons thereof
(iii) the endocrine 5 gramds=~ | ungs, i @ ﬁtﬂuﬂ

i nt esti nes, 5 skel etal tgysue or part (|v)

epithelial, fibroblast, fat, mast, nmesenchynal

par enchymal cel | s; (V)p é?%&idéﬂbiaé fitdgefies! and suh-Fopulaueﬁbr yogeneSI s,
and (vi) conponents of system (e.g T-Iynphocytes
B-1ynphocytes and 10 thereof; (iipcolpjedefdroeytes, astrocytes and |)

pronot ers and/ or enhancers which direct the transcription of
genes for: (i) sub-populiztiohs athereosy - $h£moftherendpbﬂiaa (ii) ion
15 channels; (iii) receptors involved i‘n ion

channel gating and U\glangMihmagsgrmmshles, gonads,  intestioes,and

hor nones. 11. Tissue or cells derived or cultured fromthe 20

transgen®c or gani sm ofskeietmk bisspe prepeatngrcpa:ﬁe.thereof:lziVA met hod

of culturlng cells and/oy tissues in vitr
- . epithelial, flbrohlast, fat, mast, mesenchymal

or parenchymal cells; (v) particular stages of
embryogenesis, and (vi) components of the blood
system (e.g. T-lymphocytes, B—lymphocytes and ({

10 macrophages); or

(II) promoters and/or enhancers which direct
the transcription of genes for: (i)
neurotransmitter-specific receptors; (ii) ion
15 channels; (iii) receptors involved in ion
channel gating and (iv) cytokines, growth

factors and hormones.

11. Tissue or cells derived or cultured from the

20 ¢

isgenic organism of any one of the preceding claims.

12. A method of culturing cells and/or tissues in vitro,

comprising the steps bf:

25 (a) providing a transgenic animal or plant havingf'
—_—
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conprising the steps of: 2 orOV|d|ng ‘a transgenic ani mal or
- plant having WO 96/ 1440F "™ BT -HAS RreF Is contalnln &gnetlc
nateri al woww4sINg a ‘ BERHh € T b j 2586
sel ectabl e phenotype on ells;. - npl e a transgenic——
ani mal or plant according.to any one" “6f “clains 1 to
(b) generating a primary culture from celgas and/ or H"’"””" "ﬂHm,IH"Jt he
transgenic animal or plant of step (a)

sel ectively grow ng £ggy rhgﬁgﬁéﬁibh b%n%z@‘itaterlal comptd¥itnegia t he

sel ect abl e phenotype conterre genetic terla contalned

inthe cells of the gelectable h&i‘k&&e%‘icﬁn'dwfe&rs R ¥dlectable 13. A
met hod according to claim 12 wherein at |east one sel ect abl e mar ker

i s operably Iinked tﬁhénbt?ﬁéeonothe cell®s! |forbexampl &8 s dergienent
or elenents, whereby in step (c) a particul ar cell/tissue type is
selectively. 20 gafiMadnorhpllnti aceording itesahy dnecaf clpdiais iX to
expression therein of said at |east one sel ectable marker, e.g. to
produce a h@&npbgeneousQ@popul ati on of a

(b) ggnerating a primary culture from cells and/or

tissue of the transgenic animal or plant of step

(a);'and'

10
(c) selectively growing the primary culture on the
basis of the selectable phenotype conferred by thé
genetic material contained in the cells of the
transgenic animal or plant.

15

13. A method according to claim 12 wherein at least one
. selectable marker is operably linked to a tissue- or

cell-specific expression element or elements, whereby in

step (c) a particular cell/tissue type is selectively

[~on the basis of the tissue- or cell-specific

é;p:ession therein of said at least one selectable
marker, e.g. to produce a homogeneous population cof a

particular class'of;cells in primary culture.

25 14. A method according to claim 12 or claim 13 whereby'

T



particular class of cells j 25 14. A nethod accordlng
to claim112 or claim 13 wh
PCT/ GBW® %2138

elimnates mcrobial (e.g 'run aI cont am nati on of. the

EBCED
tissue cul ture. 15 Ti ssue of uItured“wl mm u} Uﬂ' any
one of 5 clainms 12 to 14, the tissgg-or cells be

as a tissue transplant, as a test subject in bi ochem ca assays or

a source of stepf 9 Tetfuddl Be$liminates licFobsat pe.gel yeasecandi ng to
claim1l or cIa|n115 for 10 use in therapy. 17. A nmethod of making

a monocl onalfungailjo dortmdiddttidiorof the tisswéi @abtugeuprising the steps
of : 15 (a) providing a transgenic aninmal (e.g. a transgenic

ani mal according to any one of clainms | to 10) - “havi ng | ynphocytes
whi ch contain genetic material whi ch confers a sel ectable

phenot ype t ﬂér-e&‘n.ssuezcbr celly b;ulimm Zngtheanetbodgefii anyr gami of wi th

t he q renovi ng the | ynphocytes fromthe
transgemt c cla:.ms 2 to 14, the tlssue or cells being for use e.g.

;qunary culture

as a tissue transplant, as a test subject in biochemical

assays or as a source of a'protein of interest.

16. Tissue or cells according to claim 11 or claim 15 for (

10 use in therapy.

17._A-method of making a monoclonal antibody specific for

an antigen, comprising the steps of:

15 (a) providing a transgenic animal (e.g. a transgenic
animal according to any one of claims 1 to 10)
having lymphocytes which contain genetic material

which confers a selectable phenotype. thereon;

20

(b}_immunizing the transgenic organism with the
" antigen;
(c) remnving the lymphocytes from the transgenic
animal;
25

i i




animal ; 25 WO 96/ 14401 PCT/G895/02586
- 55- (d) fusing theftuﬂm$ﬁE5ﬁH%S&kE§tep (c) MAt
cell's (fowassi4gele t unour cell s} gRBﬂ/_ACHDr& celil s)

hybri domas; and 5 (el—setecttvely culturlng
t he basis of the sel ectabl e phenot.ype: confed ﬁ"
genetic material contained in the |ynphocgges.

anti body produci ble by the nethod of 10 claim 17 for use e g |n therapy
19. A nethod of sel eqdi)ve&neitlg EHRlyitpldc e b f @té% () wpehtimunbotal
tissue or cell type in an organism conprising e steps of: 15

(a) providing a transeddisc (Hogardxample cumour cells, e.d/ anpeboma oelbs)sm
according to any one of clains 1 to 10) having a negative
sel ect abl e marker opé&ocajprypduce hybridomasykeahdo an expression el enent

(e.g. a pronoter) 20 specific for the tissue or cell type to be
elimnated or depleted, . (b) adm nistering a selective agent to
t he organisg ' '

(e) selectively culturing the hybridomas on the
basis of the selectable phenotype conferred by the

genetic material contained in the lymphocytes.

18. A monoclonal antibody producible by the method of

10 claim 17 for use e.g. in therapy.

19. A method of selectively eliminating or depleting a
. particular tissue or cell type in an organism, comprising

the steps of:

15
(a) providing a transgenic organism (e.g. a.
transgenic organism accérding to any one of claims 1
to 10) having.a_negative'selectable marker operably
. : ;:.linked to an expression element (e.g. a promoter)
20 specific for the tissue or cell type to be
.eliminated_or depleted;
(b) administering a selective agent to the organism
~ to eliminate or deplete that tissue or cell type on
25 the basis of the expressién therein of the negative
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to elimnate or deplete that! tissue or cell type on 25 t he basis of
t he expression therein of the negative WD 96/ 14401

PCT/ CBS%6 9&/61 SrEET HAS BEEN ke PCT/GRISHRS86D| o

mar ker . 20. A met hod é&ﬁ%rgtﬁ@»ﬂﬁm cl-aim 19 for nodelling

cell/tissue |oss or ‘atrophy (le. rodegener at ive or 5

neur odegener ati ve dlseases/dlsorders) §~Iélnereln the tissue - or cel
t

type to be elimnated or depleted is t tissue - ul mhlch
i's subject to di sggigéghﬁgadﬁrargg&at ed el im rumuﬂ Hm mm" m
21. A transgeni c organismaccording to any one of cl%

use in the nethod of claim19 or claim20. 22. An organlsn1(for

exanple a vertebrate, e.g. a manmal) in which a particul ar

cel1/tissue 36, SPRCmbLARH! kechRdifly %b“@l‘i‘inprlgj%zetﬂheﬁﬂiblced by the
met hod of clalm or claim Z0. . An organi smaccording to

cl ai m 22 ml@alutﬂsaadeloeta or atrépheRI¥.q sq.ﬁxdafnddﬂgﬁﬁkwﬂé téssue

| oss or atrophy, 20 e.g. being a nodel of |mmnodegenerative -or
neur odeg@ner pénreddganesatidesdideases/disordets) A whdrduih dthe ctsaieg

conpounds for pharnacol ogi cal activity against a disease or disorder
involving 25r cell/typeutol besetiminadeldy o@:ed;p]mhsd)rxs |tisst e
or cell type which is subject to disease/disorder-related

elimination or atrophy.

10 21. A transgenic organism according to any one of claims

1 to 10 for use in the method of claim 19 or claim 20.

22. An organism (for example a vertebrate, e.g. a mammal)
in which a particular cell/tissue is specifically
15 eliminated or depleted, produced by the method of claim

19 or claim 20.

23. An org;nism-according to claim 22 which is a model of

d#aegsg/disorderérelated cell/tié:ue loss or atrbphy,

20 being a model of immunodegenerative or

néuro&egenefative diseases/disorders.

- 24. A method of screening compounds for pharmacological
activity against a disease or disorder involving
25 cell/tissue loss or atrophy (e.g. neurone loss and/or

This Sheet
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WO 96/ 14401 ~ PCT/ GB95/ 02586
-57- atrophy), conpri sing .steps o*f (a) providing a

%est modelyo®nidte di sease accol dHIRSHEET HA ,\{)F the met hARETHEBAYOZSEH 20;

(b) admnlsterlngtheqwgg tésted to the
test nodel of step (a); °r‘r¢=«=n| ng the—conpound to be
tested on the basis 10 of its effgit on the test m)del

A nmet hod according to claim20 or claim wherein I ”m“"ﬂ"imﬁm"mn

15 (a) Pa Ki n s _di sease _an e, lissue or cel
_be elininated 8 ’BEE‘V@fe&%Sﬁ&P?@s%&’oep ; ef nebirohes® i f t he
substantia nigra,; (b) Hunti ngton S chorea and the tissue or .
cell -type 20 to be el i m' nat ed or depl eted conprises neural cells

of the striatum ' a“'tglﬁﬂ Y Eeane fskdde ééé&flﬁ
cell-type (at)opggv I m~nat ed or rﬂc?epﬁslet ed cohpri ses 2

acetyl choline-, serg@pokhe mdthod JP'AHIMAHONe-
: :

(b} administering the compound to be tested to the

test model of step (a);

(c) screening the compound to be tested on the basis

10 of its effect on the test model.

25. A method according to claim 20 or claim 24 wherein

the disease is:

15 (a) Parkinson’s disease and the tissue or cell-type
to be eliminated or depleted comprises dopaminergic

neurones in the substantia nigra;

(b) Huntington’s chorea and the tissue or cell-type
20 ... to be eliminated or depleted comprises neural cells

- of the striatum;

(c¢) Alzheimer’s disease and the tissue or cell-type
to be eliminated or depleted comprises

25 . acetylcholine~, serotonin- and/or noradrenaline-

e
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WO 96/ 14401 PCT/ GB95/ 02586 o : - 58- neur ones

~associated with the neo- gac=gaaeserrti el : (d) nmultiple

scl er oWw@964dox he ti ssue QrTHI® AD BE o be_eLkﬁiﬁEEQEEE!____ -

depl eted conprises brain - . HE : ne
eI | m nat ed ”“II ﬁﬂll“%ﬂi!‘ﬁ | ses

di sease and the cell-typeH

CD3, CD4 and/or CD8 - cells; agg.

cell-type to be elimnated or depleted conprlses_

26. A nethod (e. g @Fﬁﬂp Qi gct of
a deficit in a fll’ﬂg?ig lg%s\éo%r q.)uﬁ{ ﬂ%q‘géraal nﬁgﬂelgéﬁ &%‘ﬂ?&{
characteristics of a second cl ass of cells in an organism the nethod
conprising the steps of: (a) providing a transgenic organi sm
(for exanple an (d9 multi BicIEreEd dnd) the AdedRe of ceXi+vEypet o 10)
having a first negatlve sel ectabl e marker operabl ¥ ' i nked to an
expressi on el ementospecelliminatedor depleted fdompirides brdicel | s and
either; (i) a positive : sel ect abl e mar ker operably | i nked to an
expressi én oligodendrocytes;

(e) immune disease and the eell-type to be
eliminated or depleted comprises CD3, CD4 and/or CDS8
cells; and
10 _ |
(£f) AIDS and the cell-type to be eliminated or
depleted caﬁprises CD4 cells.
26. A method (e.g. an in vitro method) of determining
15 the effect of a deficit in a first class of cells (e.g.
Brain cells) on the characteristics: of a second_clasé of

cells in an organism, the method comprising the steps of:

 (a) providing a transgenic organism: (for example an

20 ‘o:ganismeaccording to_any one of claims 1 to 10)

. having a first-negative selectable- marker operably
linked.to an expression element specific for the
first class of cells and either; (i).alpositive
selectable marker operably linked to an expression

25 : element specific for the second class of cells, or
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25 _ | el’.errent specific fér t he fﬁ@oﬁ%ﬁ ﬁR§ B‘EENCEI l's, or

WO
96/ 14401 PCT/ GB95/ 02586 - 59
(1) a se®O86/HdBbt i ve sel ect abl narig?LApﬂ%ed td PCIEW”@&E?%SSiOH
el ement which directs the expression : - of the—ﬁgia?TVEhEETEETEBTé
marker in all cells of . t he organi smexcept t
cells; 5 (b) adm nistering _gsﬁ.el ecti vepage "ﬁ(ﬂﬂm"ﬁ”ﬂlmnr
to induce a deficit in the first class of cells on . t he” basi g .of
the expression theregpi9f at BacBAG2hedAtive selectabllecdiadiNed THRId to 10
(c) renoving cells fromthe organisnt and (d) selectively
culturing cells of thf expeedsibasélement whichf ddfelctestherldxprewaivid in
step (c) on the basis 1 of ; (i) the expression therein of the
positive sefethebhegaﬁikerseaéctabletharka&kmmfad&pm&iianaf

therein of the negative sel ectabl e marker.
the organism except the.second class of cells;

(b) administering a seléctive agent to the organism
to induce a deficit in the first class of cells on
the basis of the expression therein of the negative
selectable marker:; |

10

(c) removing cells from the organism; and

(d) selectively éulturing cells of the second class

from those cells removed in step (c) on the basis
15 of; (i) the expression therein of the positive

selectable marker, or (ii) the lack of expression

therein of the negatiVé selectable marker.
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