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S The present invention relates.*o a process for specifjc
repl acenent of a copy of a gene present |n th geno of a recelﬁzr

eucaryotic organi sm by th?‘l qu{ ygn q‘a;gen

i nactivated 5 gene. The r ot @f

| east 2 exanples in the transfected host cell. The recquxe MQQQS?IS deflned
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as being the gene where the.
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ANIMAL TRANSGENIQUE OU CHIMERIQUE ET PROCEDE DE
CRIBLAGE DE PRODUITS PHARMACEUTIQUES

L'invention concerne un procédé de femplacement'

spécifique d'une = copie d'un géne présent dans le
génome d'un organisme eucaryote receveur par
liintégration d'un géne différent du géne inactiveé.
De préférence, le géne receveur sera présent en au
moins 2 exemplaires dans la cellule héte transfectée,
Le géne receveur est défini comme étant le géne ou se
fera l'insertion du géne différent.

Plus particuliéerement, lt'invention c¢oncerne 1la

production d'animaux transgéniques dans lesquels le
géne étranger a été introduit d'une maniére c¢iblée
pour permettre, & la fois, le maintien des fonctions
génétiques normales de l'animal et 1l'expression du
géne étranger sous le contrdle de promoteurs
endogénes. | .

Par "gane dlfferent 31! ‘nger® on-entend toute
séquence nucleotldlque cer: | dant a4 la totalité ou

& une partie dtun géne "uccounger ou différent” du
geéne récepteur telle qu'eclle ést trouvée normalement
dans le génome (ARN ou ADN), ou elle correspond
également & une séquence modifide artificiellement du
géne normal ou encore & un fragment ‘de cette
séquence.

L'invention concerne d&galement 1e procéda de
production de ces animaux transgéniques.

Dans la produgtiqnfd'animaug.transgéniques,'les

méthodes conventionnelles - utilisées pour

1'introduction de séquences d'ADN hétérologues dans
la lignée cellulaire germinale, ne pexmettent pas de
contrbler le site de. l'intégration qu géne étranger

dans - le génome, ni le nombre de copies ainsi-

introduit., L'intégration du géne étranger se fait au

.
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invention relates to the O production of transgenic animals in which the

f orei gn .gene has been introduced in a targeted manner to allow both the

mai nt enance of the normal genetic functions of. the animal and the
expression of the foreign gene under the control of endogenous pronoters. 5
By -different or foreign gene" I s meant any nucl eoti de sequence
corresponding to the totality or to

2
hasard et, en général, plusieurs copies du géne
s'intégrent en méme temps, parfois sous forme de
tandem téte & queue, le site de 1'intégration et le
nombre de copies intégrées variant d'un- animal
transgénique a l'autre. ' I .

Il peut donc arriver que des génes cellulaires
endogénes, situés au point d'insertion, soient ainsi
inactivés, sans que cela soit facilement décélable en
raison de nombreuses insertions au hasard. S8i 1le
produit de ces génes est important pour Ile
développement de l'animal, celui-ci sera sérieusement
perturbé. D'ailleurs, l'insertion aléatoire du géne
étrangor peut se faire A& un site qui n'est pas
approprié pour l'expression du géne. De plus, le fait
qutil y ait variation du site et du nombre
d'insertions d'animal en animal rend ltinterpétation
des études d'expression extrémement difficile.

Un probléme majeur rencontré dans la production
d'animaux transgéniques, est  l1l'obtention de
1'EXpresSioh du ,fgéne"'étranger. D'une maniare

" ‘générale, deux types d'expérience ont &té réalisés
chez les souris.

Les génes introduits dans la lignée germinale
sont @ :

- soit des génes "complets", comprenant des séquences
codantes flanquées de 1leurs propres ségquences
régulatrices;
- soit des génes composites, formés de la séquence
codante d'un géne fusionnée & la séquence promotrice
d'un autre géne, les deux fragments appartenant méme
parfqis_a'déux espéces animales différentes. _

" on a pu ainsl confirmer que .la spécificité de
l'expression des génes dans tel ou tel tissu est
déterminée par leur(s) séquence(s) régqulatrices.
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hormally in the genone (RNA or DNA), where it corresponds also to

an-artificially nodified sequence of the normal gene

or again to a fragnent

of this sequence. The invention also concerns the process of production of

these transgenic animals. In the production of transgenic animals, the 5
conventional nethods used for the introduction of

3
Le choix du promoteur approprieé pour
ltexpression du géne étranger chez lfaninal
transgénique est donc d'une importance primordiale.
.D'autre part, la mnutagénése dirigée de génes

murins dans des - cellules souches embryonnaires a

récemment été réalisée en faisant appel A une
technique de “ciblage génétique" (gene targeting)
(Thomas et al., 1987; Thonpson et al., 1989).

Dans le premier cas, le géne murin HPRT a &té
muté par insertion et remplacement et, dans le
deuxiéme cas, un géne HPRT muté a &té corrigé.
Thomson et al. ont étendu leurs expériences jusqu'a
1'obtention de souris chiméres et ont constaté le
passage de la modification génétique dans la lignée

. cellulaire germinale.

Dans chacun des documents cités, le site précis
de 1l'intégration a été «ciblé par recombinaison
homologue entre, d'une part, des séquences exogénes

~ comportant la mutation ou correction incluses dans un

~d'insertion afin de permettre 'la sélection des

vedteur, sous le contrdle d!vr  romoteur exogéne, et,
dtautre part, leur homolos:-  .aomique. Ceci étant,
il faut remarquer dgue 1e:: .. .eurs antérieurs ont

réalisé leurs expériences sur un géne spécifique
(HPRT) dont l'activation par mutation s'accompagnait
d'un phénotype décelable. La mutation ciblée décrite
par Thomas et al., avait pour effet d'inactiver le
géne HPRT et, par conséquent, de faire disparaitre le
phénotype décelable normalement associé avec le HPRT.
Le géne de sélection Neo®, sous le contrdle d'un
promoteur TK, ©&tait donc incorporé dans 1'ADN

transformants. Il est & noter que les expériences
décrites dans 1'art antérieur impliguaient une
sélection soit par le géne receveur (p. ex HPRT) soit
par le géne d'insertion (p. ex Néd‘). Le site de
l'insertion et/ou le type de géne inséré est donc
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I ntegration of the foreign gene in the genone,
'of. copies thus introduced. The integration of the foreign gene is carried
random and, in general, several copies of the gene conbine at the
sonetimes under the form of a head-to-tail tandem the
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limité A des génes conférant un caractére sélectable,
une sélection directe,
En outre, dans l1l'art antérieur, les séquences

exogénes sur le vecteur .servent donc a la  fois a
cibler le site d'intégration et a ‘introduire la

modification. Suite & la recombinaison homologue, le
géne modifié sC trouve  toujours dans son
environnement généticque normal.

Rappelons qu'un probléme qui se pose au cours de
la production dtanimaux transgéniques est le danger
d'inactiver un géne cellulaire endogéne qui se trouve
au point d'insertion du géne étranger.

Selon la fonction du produit du géne inactivé,
une telle inactivation peut conduire & des désordres
physiclogiques ou morphologiques importants chez
ltanimal transgénique, ou pourrait méme empécher sa
survie,

En revanche, l'inactivation d'un géne pourrait
étre considéré comme avantageux si le géne en

question codait -pour un récepteur de virus ou autre .
- agent infectieux. '

Les inventeurs ont étudié 1la possibilité
dréviter les inconvénients décrits plus haut, et
associés, dans certains cas, A& 1l'inactivation
possible d'un ou plusieurs génes cellulaires endégéne
de fonction importante au cours de la production
d'animaux transgénigues.

L'invention a pour objet un procédé de
remplacement ou d'insertion spécifique dtun géne,
notamment par 01blage d'un ADN, dit ADN d'insertion
constitué par la totallte d'un géne, ‘ou - par une
partie d'un gene,' susceptible d‘étre rendu
fonctionnel, ou dont 1le fonctionnement peut é&tre
rendu plus efficace, lofsqu(il est recombiné avec un
ADN de complément pour alors fournir un géhe
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cellular genes, situated at the point of insertion, may be 5 inactivated,
without this being easily detectable because of the numerous insertions
made at random |If the product of these genes is inportant for the

S

recombinant complet dans le génome d'une cellule
eucaryote, caractérisé en ce que

- le site d'insertion se trouve dans un géne choisi,
dit géne receveur, et contenant 1'ADN de complément,
et en ce que o :

- 1'on transfecte des cellules eucaryotes avec un
vecteur contenant un insert comprenant lui-méme 1'ADN
d'insertion et deux séquences dites Yflanguantes" de

‘part et d'autre de 1'ADN d'insertion, respectivement

homologues & deux séquences génomiques qui jouxtent
le site d'insertion souhaité dans le géne receveur,

- 1'ADN d'insertion étant hétérologue vis-a-vis du
géne receveur, et

- les séquences flanquéntes, étant choisies parmi
celles qui constituent le susdit ADN de complément et
qﬁi autorisent, par recombinaison homologue avec des
séquences correspondantes du géne Treceveur, la
reconstitution d'un géne recombinant complet dans le
génone de 1a cellule eucaryote.

. Selon le procédé de ° .nvention, ledit ADN
d'insertion peut contenir :.  une séquence codante -
soit une séquence régulatriu:, e procédé .étant alors

caractérisé en ce que

-~ le. site d'insertion se trouve dans un géne choisi
dit géne receveur et en ce que

- 1lton transfecte des cellules eucaryotes avec un
vecteur contenant un insérat comprenant lui-méme

11ADN d'insertion et deux séguences dites

"flanguantes™ de part et dtautre de 1'ADN
d'insertion, respectlvenent homologueﬂ a deux

"sequences génomlqueb qui ]ouxtent le site. d'lnsertlon

souhaité dans le gene receveur,

- 1YADN a'insertion étant hetérologue vis-a-vis du
géhe receveur et, _

- les séquences flanquantes étant ch0151es afin de
permettre par recombinaison homologue selon le cas,
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ﬁbreover, the aleatory insertion O of the foreign gene nmay take place at a
site which is not appropriate for the expression of the gene. In addition,
the fact that there is a variation in the site and in the nunber of

i nsertions fromaninmal to ani mal nakes interpretation of studies of
expression .5 extrenely difficult A nmajor problemencountered in the
producti on of
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soit l'expression de la séquence codante de 1'ADN
d'insertion entier sous le contrdle des séquences
régulatrices du géne receveur, soit 1ll'expression
d'une sequence codante du géne receveur sous le
_contrdle de . sééuences régulatrices de "1'ADN
d'insertion. . | -

Par exémple, 1'ADN d'insertion peut contenir une
séquence codante dépourvue d'élément de régulation,
notamment dfun promoteur qui lui est propre.

L'invention concerne aussi un procédé de
production dfanimaux transgéniques, caractérisé en ce
que des cellules E.S. sont transfectées dans 1les
conditions  sus-décrites et sélectionnées pour
l'événement de recombinaison homologue, a savoir
l'intégration correcte du géne étranger, les cellules
transfectées sont injectées dans des embryons & un
stade ou ils sont aptes & intégrer les cellules
transfectées (par exemple aun stade blastocyste),
ceux~ci sont ensuite réimplantés dans une mére
porteuse et les individus chiméres obtenus au terme

- de la gestation, ‘et chez lesquels est constatée la
colonisation par les cellules E.S. de la lignée
germinale, sont accouplés. Si les cellules E.S. ont
colonisé la lignée germinale de l'animal chimére, des
animaux transgéniques hétérogozytes pour le géne
remplace seront obtenus par accouplement (F1) dans la
descendance.

Il est également possible d'insérer 1'ADN
d'insertion, porté par le vecteur de 1l'invention,
dans l'oeuf peu de temps aprés la fécondation'
(c'est-a-dire noins de 24 heﬁreé), De-céttéfmaniére,"
‘1'insertion est effectuée pendant que 1'ceuf est &
1'état unicellulaire. |

L'invention concerne aussi un plasmide apte &
effectuer 1'insertion c¢iblée d'un géne recombinant
dit géne d'insertion dans le génome d'une cellule
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jtransgeni c animals is obtaining the expression of the foreign gene.
‘Cenerally speaking, tw types of experinent have been nade on mce. 20
The genes introduced in the germline are: - either "conplete" genes,

i ncluding coding sequences flanked by their own regul atory sequences; - or
conposite genes, formed fromthe codi ng sequence of a gene fused with the
pronoter sequence of 5 another gene, the two fragnents sonetines
even '
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eucaryote, caractérisé en ce ¢u'il contient un
insérat comprenant lui-méme le géne d'insertion et
deux séquences dites "flanquantes" de part et d'autre
du géne dtinsertion, respectivement homologues aux
deux’ séquences'_géndmiquES qui Jouxtent 1le site
d'insertion souhaité dans le géne receveur, '

L'ADN d'inscrtion peut é&tre un géne, ou une
partie d'un géne, hétéroloque & l'espéce transfectée.

L'invention concerne également des animaux
transgéniques dans lesquels au Tmoins un géne
endogéne, qui de préférence est présent dans le

: génome a au wmoins deux excmplaires, a été inactivé
par l'inserxrtion d'un géne qui est différent du géne
inactivé, le géne d'insertion étant inséré dans une
position qui permet l'expression de ce géne sous le
contrdle des séquences régulatrices du géne endogéne
inactiveé,

Le procédé de l'invention permet, donc, grice au
phénoméne de recombinaison homologue, d'insérer d'une
maniére ciblée des génes &t jers |, en particulier
des $équences - codantes i’ es du promoteur gui
leur est normalement as=ocis, dans le génome d@'un
organisme eucaryote & un site qui ~permet leur
expression sous le contrdle du promoteur endogéne du
géne oli se fait 1l'insertion, et par conséquence,
d'inactiver le géne endogéne ciblé.

Selon un mode de réalisation préféré de
lt'invention, le géne receveur ciblé est un géne qui
est présent dans le génome en au moins deux
exemplaires. L'utilisation de la technique
d'électroporation (Ref. 11) assure 1l'introduction
d'une copie seulement du gene étrahger.n'

Selon cette variante de l'invéntion, 1'insertion
ciblée du géne d'intérét (c'est-a-dire le gene dit
d'insertion) a pour effet d'!'inactiver la seule copie
du géne cellulaire endogéne ol se fait l'insertion et
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tonfirm that the specificity of the expression of genes in such and such
a tissue is determined by their regulatory sequence(s). :0 The
choi ce of the appropriate pronoter for the expression of the foreign gene
in the transgenic animal is thus of prinordial inportance. Besides, the
control |l ed nutagenesis of nurine genes in enbryonic cell lines has recently
been carried
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laisse intacte et fonctionnelle la ou les autre(s)
cople(s) de ce géne.

De cette fagon, le fonctionnement génétique de
ltanimal transgénigque n'est pas ou peu perturbé par
‘1'introduction du géne étranger, méme si l'insertion
inactive une seule copie d'un géne essentiel receveur
pour le développement de 1ltanimal. Soit son
développement ne serait done pas affecté par
l'ingertion du géne étranger, soit les perturbations
mineures possibles dans le cas de l!'inactivation d'un
géne critique ne seraient probablement pas léthales
pour l'animal. Les effets de 1l'insertion du géne
étranger & ltétat homozygote pourraient étre de toute
nature et seraient observés en 2&me génératién (F2)
aprés croisements d'individus hétérozygotes (F1)
entre eux. ' .

8i, par contre, l'inactivation de toutes les
copies d'un géne est souhaitée, par exemple, dans le
cas ol le géne code pour un récepteur d'agent
infectieux, de.mu;tiple'copies du géne étranger_soht
introduites. Le contrdle de la quantité introduite -
peut é&tre assuré en faisant appel & des techniques
connues. _

L'insertion c¢iblée du géne étranger permet donc
son introduction dans un site oli son expression est
gsous le contrdle des séquences régulatrices du géne
endogéne ol se fait 1'insertion.

Le procédé de 1'invention permet ainsi d'insérer
le géne étranger derriére un promoteur endogéne qui a
les fonctions désirées (par exemple, sgpécificité
-d'expressxon dans tel ou tel tissu), et cela, le cas
échéant, sans 1nact1Ver les autres copies du géne
receveur.

Selon un mode de réalisation préférés, 1'ADN
d'insertion, ou le vecteur, contient des séquences
intercalées entre 1'ADN d'insertion et les séquences
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i nSertion and replacenent and, in the second case, a nutated HPRT gene was
corrected. Thonpson et
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'flanquantes. Ces séquences peuvent contenir par
exemple une séquence codant pour un agent sélectif
permettant la sélection des transformants et
éventuellement un géne marqueur par exemple le LacZ.

 Selon un mode de réalisation particuliérement
préféré de l'invention; 1'ADN d'insertion comporté'
entre les séquences flanquantes, d'une part une
séquence d'ADN destinée a étre recombinée avec 1!'ADN
de complément dans le géne receveur pour fournir un
géne recombinant, et, d'autre part, une séquence
codant pour un agent sélectif permettant la sélection
des transformants et un promoteur autorisant
lt'expression de l'agent sélectif, le géne receveur et
le géne recombinant ~codant pour des produits
dtexpression ne conférant pas de phénotype
sélectionable. Selon cette variante, 1l'insérat du
plasmide de ltinvention comprend, entre les séquences
flanquantes, d'une part une sdéquence Q'ADN destinée a
étre recombinde avec 1'ADN de complément dans le géne

- .receveur, et, d'autre part, u* = séquence codant pour
un agent sélectif perm.i . la sélection des:
transformants et un promotiuir ..torisant l'expression

-

de l'agent sélectif, la sdéquence d'ADN destinéde a
&tre recombinée avec 1'ADN de complément étant autre
qu'un géne ¢odant pour un agent sélectif,

De cette maniére, la gélection des transformants
est entidrement indépendante de la nature du géne
receveur et du géne inséré, contrairement aux
procédés décrits jusqu'd ce jour dans lesquels le
géne inséré ou le géne receveur devait par nécessité

' coder pour 1un_,§roduit' d'expression permettant la.

sélection des transformants. te'éystéme"déVeloppé-par
les inventeurs permet une Fflexibilité totale en ce
gui concerne la nature du géne receveur et du géne
inzéré ou dqu géhe formé par la recombinaison
homologue. Les inventeurs ont constaté d'une maniére
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pl . W dened their experinents as far as obtaining 5 chinmeric mce and
tecorded the passage of the genetic nodification into the germcell line.

I n- each of the docunents quoted, the precise site of integration was
targeted by honol ogous reconbi nati on between, on the one hand, exogenous
sequences carrying 3 the nutation or correction included in the vector,
under the control of an exogenous pronoter and, on the other hand, their
genom ¢ honol ogue. This being so, it 10

surprenante que l'insertion de séquences de taille
importante (par exemple d'environ 7.5 kb) n'affecte
pas la fréquence de recombinaison homologue. |

L'effet que peut avoir 1l'insertion de 1la
séquence A'ADN selon " cet aspect de liinventibn

" inclut, selon le type de séquence insérée par exemple
le remplacement d'une séquence codante, le
remplacement d'une séquence régulatrice,
l1'inactivation ou 1la réactivation d'un géne par
mutation ou l'amélioration du taux dQlexpression d'un
géne. I1 est possible, selon 1l1'invention, de
remplacer une phasc codante ou une partie d'une phase
codante par une séquence hétérologue qui commence au
codon d'initiation du géne remplacé afin que
l'expression du géne inséré remplace entiérement
l'expression du géne remplacé. Ceci é&vite 1la
formation de protéines de fusion qui pourrait étre
indésirable chez un animal transgénique. |

Selon ce mode de réalisation de 1l'invention,
1'ADN d'insertion peut comporter entre les séquences
flanquantes - une séquence  codante  hétérologue
dépourvue de promoteur, la séquence codante 6&tant
autre qu'un géne codant pour un agent de sélection.
L'ADN d'insertion peut comporter en outre, en aval de
la séquence codante et tdujours entre les séquenées
flanquantes, un géne codant pour un agent de
sélection, associé & un promoteur permettant son
expression dans la cellule cible.

De cette maniére, - la séquence | codante
hétérologue peut é&tre insérée derriére un promoteur
endogéne qui a les propriétés souhaitées, par exemple

 une certainé.épécificité d'expression, ou grille de
transcription etc, 1la sélectabilité des cellules
transformndées étant entiérement indépendante de
l'expression de la séquence codante hétérologue, Ce
type de construction permet, par exemple, de
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n a specific gene (HPRT) whose 5 activation by nmutation was acconpani ed by
a detectabl e phenotype. The targeted nutati on described by Thonmas et al.

had the effect of
det ect abl e phenot

Neo[err] selection O gene, under the control of a TK pronbter, was thus

i nactivating the HPRT gene and, consequently, nmaking the

ype normal |y associated with the HPRT di sappear. The

i ncorporated into the insertion DNA in order to permt
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sélectionner 1les transformants méme si le géne
remplacé par la séquence codante hétérologue n'est
pas normalement exprimé dans les cellules cibles.
Ceci est particuliérement . important dans .la
production . d'animaux transgéniques & partir de
cellule E.S. ("Embryonic Stem Cells") pulsqu'uné
proportion importante des génes reste inactive
jusqu'a un stade plus avancé &Qu développement de
l'animal. Le géne HOXC8 (également connu sous le nom
Hox-3.1) est un exemple de ce type de dgéne. D'autre
part, si la séquence codante code pour une protéine
facilement décelable, par exemple, 1la pg-Gal, le
développement de la grille de transcription du géne
endogéne remplacé peut étre suivi. Le vecteur pGN est
un exemple de ce type de construction.

Selon wun autre mode de réalisation de
l'invention, 1'ADN d'insertion peut comporter une
séquénce régulatrice étrangére. Le site d'insertion
et; par consédquence, les sdéaquences flanquantes sont

choisies en fonction du bur :siré, a savoir soit -
1'insertion de la séquence w: trice &trangére pour
donner un effet do "doun:.: promoteur® avec 1la
séquence régqulatrice endaogéne, ou soit le

remplacement d'un promoteur endogéne par le promoteur
étranger. La séquence codante qui se trouve sous le
contrdle de la séquence régulatrice peut &tre
endogéne. _

Une autre possibilité serait l'insertion c¢iblée
d'un ADN'étranger qﬁi comporte & la fois une séquence
régulatrice et une sdquence codante, Il est possible
que la séduence[fréqulatfiCe. soit ce11é  qui est
naturellement associée avec la séquencé codante,

le procédé de 1l'invention ‘met en oeuvre un
vecteur contenant deux séquences "flanquantes" de

-part et d'autre du géne étranger. Ces séquences

flanquantes ont au moins 150 paires de bases et sont
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tlhe selection of transformants. It should be noted that the experi ment

described in the prior art inplied a selection either by the receiver gene
(e.'g. HPRT) or by 5 the insertion gene (e.g. Neo[err]). The site of

i nsertion and/or the type of gene inserted is thus limted to genes
conferring a selectable character, a direct selection. Besides, in the
prior art, the exogenous 0 sequences on the vector thus serve both to
target the 12

de préférence inférieures & la longueur du géne
receveur. Il est essentiel que ces deux séquences
flanguantes soient homologues aux deux séguences
génomiques qui jouxtent le site d'insertion souhaité.

 La séquence flanguante du vecteur qui se trouve en
amont du géne étranger & introdﬁire, est normalenment
homologue & la séquence génomique qui est située Gu
cdté 5' du site d'insertion. De la méme maniére, la
séquence flanquante du vecteur qui se trouve en aval
du g¢géne étranger, est normalement homologue a la
ségquence génomique qui est située aun cété 3' du site
dtinsertion.

Il est possible d'introduire des séguences
"intercalantes" entre l'une ou l'autre des séquences
flanquantes et le géne étranger, par exemple des
séquences permettant la sélection des transformants,
des marqueurs, des séquences permettant le clonage du
vecteur, etc...

La position de ces séguences intercalantes vis-
a-vis du géne étranger doit pourtant étre choisie

‘afin de ne pas empé&cher l'expression  du  géne
étfanger, en particulier de la séquence'd'ADN codante
étrangére sous le contréle du promoteur endogéne ou,
a l'invérse, la séquence codante 4'ADN endogéne sous
le contréle d'éléments de régulation étrangers
apportés par la séquence d'insertion. '

Malgré la présence des séquences flanquantes,
qui encourage une recombinaison homologue, il est

 possible qu'un certain nombre d'intégrations se fasse
au hasard. Afin de vérifier que 1'insertion ciblée a
bien eu lieu dans le site ciblé et non pas dans un.
autre endroit, -la technique du "polymerase Chain
Reaction" (P.C.R,) (voir Ref. 10} est utilisée pour
amplifier la sédquence d'ADN du locus ol l'insertion
se fait, ou aurait dd se faire. De cette faqoh, seuls
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conbi nation, the nodified gene always finds itself in its nornmal genetic
environment. We shoul d renenber that a probl em posed during the production
of transgenic animals is the danger of I nactivating an endogenous
cel lul ar gene existing at
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les clones transformés & la suite d'une recombinaison
homologue sont sélectionnés.

Les séquences flanquantes du vecteur sont bien
évidemment cholsles en fonction du site d'insertion

'd951re pour que ‘la recomblnalson homologue puisse
avoir lieu. Le cas échéant, les séquences flanquantes
peuvent comporter des séquences répligques du
promoteur endogéne et/ou des modifications aux
séquences qui précédent le codon d'initiation pour
améliorer le taux de traduction (séquences amont) et
séquences répligques des séquences de terminaison

{ notamment des gites de polyadénylation (sdquences
aval).

Le géne d'insertion peut é&tre n'importe quel
géne d'intérét. On citera comme exemples non-
limitatifs, le géne lacZ (comme dans le modéle décrit
plus loin), les génes codant pour l'interleukine ou
1tinterféron, leé génes de récepteur, par exemple de
ltacide reétinocigque ou beta-3 adrénergique ou de

H.I.V., et des génes conrn. - comme étant 1liés &
certaines maladies, par exer la myopathie, etc...
Ies cellules eucarvoi:.:: transformées par le

procédé de l'invention sont aussi englobées par la
préscnte demande.

Selon une variante préférée de l'invention, les
cellﬁles eucaryotes sont des cellules souches
embryonnaires (voir Ref. 14 et 15).
| En effet, une cellule E.S. mutée peut &tre
ihjectée dans un embryon précoce qui, aprés
réimplantation, pourra naitre sous une forme chimére.
S5i 1a lignée germinale est colonisée par la cellule
mutée, 1'animal chimére transmettra la mutation a sa
descendance. Par la suite, on pourra observer les
effets de cette nmutation, & l'état homozygote chez
certains individus, sur leur développenment, leur
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roduct of the inactivated gene, such an inactivation can lead to 5

signi ficant physiological or norphol ogical disorders in the transgenic

animal, or could even prevent its survival. On the other hand, the

I nactivation of the gene could be considered as advantageous if the gene in

0 question coded for a virus receptor or other infectious
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comportement, leur métabolisme, leur pathologie,
etc..

La figure 1 montre le plasmide pGN, qui fait
partie de 1'invention. . _
- Les figures 2 a et b montrent les molécules PGMA
et pGMD respectivement construites & partir du
plasmide pGN par rapport au géne HOXC3 (Hox-3.1). Ces
plasmides sont des plasmides de mutagénése. Les deux
parties de la phase codante du géne HOXC8 (Hox=-3.1)
sont représentées, sur le chromosome 15, avec la
boite "homéo" en noir. Les séguences correspondantes
de HOXC8 (Hox-3.1) ont été clonées dans le plasmide

PGN.
(A : signal de polyadénylation; Enh/Pro : enhancer-
promoteur) .

07 et 08 figurent les deux oligonucléotides utilisés
dans la PCR. .

Les figures 3 & 6 montrent les plasmides
utilisés dans la construction du pGN.

La figure 7 illustre 1la détection de

. recombinaison homologue avec la technique Réaction de
Polymérase en Chaine (P.C.R.) sur des cellules E.S.
transfectées, '

ILa figure 8 (a) et (b) montre des analyses de
Southern de clones individus positifs (L5 et F2) et
cellules E.S. (C.C.E.).

Le procédé de 1l'invention est d'application
industrielle trés large et peut varier selon la
nature du géne étranger introduit, par exemple pour
la production d'animaux transgéniques.

La génétique des mammiféres va progresser de
maniére considérahié"i;r.é.ce a la possibilité récente
de mutagéniser spécifiquement n'importe quel gaéne,
permettant ainsi de mieux définir son réle. Par cette
technologie  qui fait  intervenir recombinaison
homoloque et cellules E.S., des. informations
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di sadvantages  descri bed above and associ at ed, in certain cases,
to the possible 5 inactivation of one or several endogenous cell genes
with an inmportant function during the production of transgenic aninals. The

object of the invention is a process for replacenent or specific insertion
of a gene, in
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précieuses seront apportécs sur des oncogénés, des
facteurs de ¢roissance, des facteurs de
transcription, etc..., génes qui concernent des
sujets trés actuels de la recherche fondamentale ou
la recherche appliquée. Un débouché important pour la
recherche médicale est la possibilité de reproduire
une maladie humaine dont la détermination génétique
est connue (certaines wmaladies humaines &
pathologie, telle la myopathie de Duchesne) oceci afin
de mieux en étudier les mécanismes et de rechercher
une thérapeutique.

( En appliquant le'procédé de l'invention, un géne
connu comme é&tant responsable d'une certaine maladie
est inséré dtune maniére ciblée dans le génome d'une
cellule E.S. L'animal transgénique qui est produit &
la suite présente un modéle utile de cette maladie,

8i nécessaire, et comme décrit plus haut, les
fonctionnements génétiques normaux peuvent é&tre
sensiblement maintenus, malgré ltinsertion du géne

étranger. _
" Une autre application : ‘rocédé de 1l'invention
consiste en le marquage gét:.ique dfanimaux. Cette

application consiste & inserer un géne d'insertion
qui est facilement décélé e.g. le géne lacZ et qui
peut donc jouer le réle d'un marqueur cellulaire. De
cette maniére, des études de filiation e.g. chez des
“animaux de concours sont facilitées, et la race peut
étre suivie.

L'insertion du géne lacZ comme géne d'insertion
rend aussi possible des études de promoteur. Grice a
la possibilité de déceler 1° activité ﬁ-galactosidase,
1'act1v1té et la Speclflblte de différents promoteurs
endogénes peuvent é&tre étudiées en ciblant différents
sites dans le méme type ou différents types de
cellules. Les mnénen études pourront étre effectuées
sur un organisme entier, au cours du développement ou
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zotality of a gene, or by a part of a gene, susceptible to being rendered
functional, where this functioning can be made nore efficient, when it is
reconbined with a conplenentary DNA to then provide a conplete reconbi nant
gene in the genonme of a eucaryotic cell, characterized in that - the

I nsertion site is in a chosen gene, called a receiver gene, and contai ni ng
t he conpl enentary DNA,
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4 1l'état adulte, en utilisant 1les techniques
d'animaux chiméres ou transgéniques.,

Les inventeurs ont constaté d'une manidre
surprenante gue la fréquence de recombinaison
homologue n'est pas _affectée par l'insertion de
fragments de taille importénte, par exémple le Lac 2+
cette observation a suggéré aux inventeurs que la
technique de recombinaison homologue serait bien
adaptée & 1'insertion dtautres génes hétérologues qui
sont de taille importante, '

Liinvention vise également l'application du
procédé de remplacement ou dfinsertion spécifique
pour la thérapie génique.

Griace a la possibilité de modifier le génome
d'un animal, le procédé de 1l'invention peut donc
également &tre utilisé en tant que “thérapie
génique®. Les utilisations les plus évidentes
consisteraient & inactiver les génes de récepteurs
d'agents infectieux (virus ou bactéries) ou toxiques,
8i cette mutagénése s'avérait léthale, il faudrait
rétablir 1la fonction perdue sans rétablir 1la
sensibilité aux agents nuisibles. Un g&ne modifié
codant pour un tel récepteur pourrait étre
réintroduit dans la cellule mutée, A& moins gque la
modification puissc étre provoguée par la
recombinaison homologue. Cette modlification du
patrimoine génétique conférerait & 1l'animal une
immunité contre 1la maladie considérée.

Ce protocole peut aussi intervenir dans le cadre
d'auto-greffe. Des cellules, malades ou saines,
prélevées sur un'patient; pourraient étre soiqnées-ét
immuniSées,'puis réimplantées chez le méme individu.

La technique de 1'invention se préte aussi aux
études d'activité de produits pharmaceutiQues
présumés avoir une activité a 1l'égard des produits
d'expression d'un géne pathologique 1ié & wune
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I nsert which conprises the insertion DNA and two so-cal led "fl anki ng"
sequences on either side of the insertion DNA respectively honol ogous to

two genomi ¢ sequences which are i medi ately adjacent to the desired site of

i nsertion in the receiver gene,
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maladie. Dans ce cas, le géne d'insertion est
constitué par le géne patholegique ou un fragment de
celui-ci et on administre a l'animal transgénigque ‘le
produit pharmaceutique & tester, en vue d'évaluer son
activité sur la maladie. | |

L'invention va étre illustrée en faisant
référence au plasmide pGN et son utilisation dans
1t'insertion ciblée d'un géne étranger (lacz, codant
pour l'enzyme f-glactosidase d'E.Coli) dans le génome
dA'une cellule d'E.8. de souris. Le geéne lac? a &té
choisi en raison du fait que son expression peut étre

£ facilement décelée et est simplement & titre
' illustratif.

La phase codante de 1l'enzyme pB-galactosidase
d'E.Coli (lacz; 1-3057), fusionnde avec une séquence
génomique (7292-3) du géne murin HOXC8 (Hox.3-1)
(Ref. 1), débute par le codon dtinitiation de ce
géne. En effet, la Séquence qui précéde le codon
dtinitiation de HOXC8 (Hox-3.l1) est identique & 1a
séquence consensus obscrvén cor .z lea vertébrés (Ref.
2), permettant ainsi un mei. iIr taux de traduction
de la B-galactosidasc dans ias cellules de vertébrés,
Le géne lacZ est suivi d'un signal de polyadénylation
par exemple du virus SV 40, comme la plupart des
génes eucaryotes, afin de stabiliser 1les ARN;
nessagers.

L'activité de la pg-galactosidase d'E.Coli, qui
est fonctionnelle dans les cellules eucaryotes, peut'
étre décelée de différentes manidres. Des cellules
exprimant le géne lacZ prennent une coloration bleue,

"aprés fixation, en préscnce de X-Gal, 'qui'fest un

- substrat de 1a'ﬂ-gé1actosidase (Ref. 3). ﬁh nouveau
substrat, le  FDG (flurorosceine di-g-
galactopyranoside), permet de déceler et de doser
l'activité p-gal. tout en gardant les cellules
vivantes (Ref. 4). Les - cellules exprimant lacZ
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the flanking sequences, being chosen fromthose which make up the
above-mentioned conpl ementary DNA and 5 which allow, through honol ogous

reconbi nati on

wi th correspondi ng sequences of the receiver gene, the

reconstitution of a conplete reconbinant gene in the

i8
accumulent un produit fluorescent et peuvent é&tre
isolées A l'aide d'un trieur de c¢ellules ou FACS
(fluorescence~-activated cell sorter).
L'unité de transcription du géne de résistance &

la néomycine provient, en grande partle, du plasmide '

PR3V neo (Ref. 5). Le LTR (long terminal repeat) du
virus du sarcome de Rous procure des séqguences
activatrice et promotrice trés puissantes dans de
nombreuses cellules eucaryctes (Ref. 6) . Du
transposon bactérien T™nS, viennent un promoteur actif
dans E.Coli et la phase c¢odante de 1l'enzyme
phosphotransférase (Ref. 7)), qui est suivie du signal
de polyadénylation du virus $V40. Le méme géne sous
le double contrdle des promoteurs RSV et Tn5 peut
conférer la résistance A& la néomycine ou la
kanamycine aux bactéries et la résistance au G418 aux
cellules eucaryotes.

Par l'effet d'une simple mutation ponctuelle,
l'unité B des sdquences activatrices (enhancer) de la
souche PyBEC F9.1 du virus du Polyome est devenue
beaucoup -piﬁs' "active dans différents types de
cellules, et en particulier dans les cellules de
carcinome embryonnaire (EC) (Ref. 8). Deux copies de
cet enhancer Py F9.1 ont été insérées en tandem dans
le plasmide pGN, en amont du LTR-RSV, et dans
l'orientation ‘"promoteur tardif" de la région
régulatrice du Polyome.

Afin Q'améliorer le taux de traduction de la
phosphotransférase, la séquenée précédent le codon
d'initiation a été modifiée lors d'une mutagéndse par

‘oligonucleotide. Ainsi la séquence T T C 6 C A U G
est devenue. G C A C C A U _G, correspondant beaucoup

mieux A la séquence consensus d'initiation de la
traduction chez les vertébrés (Ref. 2).

Les améliorations apportées & 1ltunité de
transeription du géne de résistance & la néonycine

P.30
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so-called O insertion DNA can contain either a coding sequence or a

regul atory sequence, t he process t hen bei ng characterized in that
- the insertion site is in a chosen gene, called a receiver gene, and in
that - eucaryotic cells are transfected with a vector containing an insert
whi ch conprises the insertion DNA
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ont pu &tre estimées en transfectant des cellules
souches embryonnaires (ES) de souris. A molarité
égale en plasmide, une construction avec les enhancer
Py F9.1 a produit 7,5x plus de clones résistants au
G418 que-le.pnsv heo et 2 a 3x plus que ie'pmci Neo
décrit par Capecchi et al (réf. 13). A nouveau, le
nombre de clones a été augmenté 60x, soit 450x par
rapport au PpRSV neo, en modifiant la séquence
d'initiation de 1la traduction. La recombinaison
homologue peut étre un événement assez r&ve, selon
les conditions expérimentales appliquées (p. ex
{ 1/1000 pour HPRT, réf, 13). Un vecteur présentant une
' afficacité de sélection élevée est donc trés utile,
dtautant plus que les conditions d'électroporation
donnent lieu principalement & 1'intégration d'une
seule copie.

Le plasmide pGN contient, en outre, une origine
de réplication bactérienne de type colEl, pBR322, qui
pérmet les clonages et les préparations dans E.Coli.

Enfin, un site de clor:ge multiple (M.C.S.},
synthétisé in vitro, qui ne : tient que.des sites de
coupure uniques dans pGN, a <té inséré en amont de
lacz, afin de faciliter 1les utilisations de ce
plasmide.

Les séquences "flanquantes" plasmidiques gqui
provoguent la recombinaison homologue sont ajoutées
aux extrémités du plasmide pGN aprés linéarisation du
plasmide en amont de lacZ, par un site du MCS (vqir
fig. 2). En l'occurence, les séquences flanquantes
choisies sont homologques aux séquences chromosomiques

--is$ues- de HOXC8 (Hox-3.1) devant. ultérieurement
intervenir dans la redombinaison'homolbguer" '

La figure 2 situe la molécule construite &
partir du plasmide pGN par rapport au géne HOXCS
(Hox-3.1}. Dans ce cas, une racombinaison entre les
séquences plasmidiques et chromosomales de HOXCS8
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respectlvely honol ogous to two genom ¢ sequences which are imedi ately
adj'acent to the desired site of insertion in the receiver gene, - the

i nsertion DNA being heterol ogous with respect to the receiver gene, and -
t he flanki ng sequences being chosen so as to permt by honol ogous

reconbi nati on dependi ng on the case, either the expression of the coding
sequence of ' 20

(Hox-3.1) resulterait en une insertion au début de la
phase codante de ce géne, don¢ & son inactivation
totale.
Le plasmide pGN rasscmble plusieurs avantages
“pour cette méthodologie, qui est applicable &
ntimporte quel lqéﬂe. L'événement de recombinaison
homologue pouvant étre assez rare (de lfordre de 1
pour 1000 intégrations non-homologues), i1 est
nécessaire de pouvoir analyser un grand nombre de
clones dont la résistance au G418 scit suffisament
forte pour s'exprimer dans n'importe quelle partie du
génome., Les modifications apportées & 1l'unité de
transcription de 1la phosphotransférése répondent
parfaitement &4 <ces problémes. La méthode - de
mutagénése par recombinaison homologue équivaut &
inactiver un géne par une insertion ou une
substitution, mais le plasmide peN présente
l'avantage supplémentaire de pouvoir substituer
l'expression de la p-galactosidase & celle du géne
mute. Enfin, le Mcs facilite 1les clonages de
fragments genomlques.j ’ a
EXEMPLES :
I - Construction du plasmide pGN
‘Les plasmides intermédiaires sont numérotés
selon leur étape.

1° étape : _
Insertion - d'un site Xho I dans le site Bgl I de

pRSV neo
Insertion d'un linker Xho I dans le site Bgl I de
pRSV neo, rempli par le fragment Klenow de 1'ADN
polymérase d'E.Coli, '
-2° étape s N .

Insertion d'un site Cla I dans le site Nde I du

plasmide pl
Insertion d'un linker Cla I dans le site Nde I de p1l,

rempli par la pblymérase Klenow.
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the receiver gene, or the expression of a coding sequence of the receiver
gene under the control of regulatory sequences of the insertion DNA For
exanple, the insertion DNA may contain a codi ng sequence w thout the
regul ation el enment, notably without its own pronoter. The invention al so
relates to a process for the
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3° étape :
Insertion d'enhancer Py F9.1 dans le site Cla I
du plasmide p2
Insertion d'enhancer Py F9.1 Pvu II~Pva II isolé par
- un site unique, Ace I, dans le site cla I de p2.
Sélection d'un clone contenant deux enhancers orienté“
dans le sens "promoteur tardif".
4° étape :
, leétion Sma I-Hpa I du plasmide p3
les deux enzymes, donnant des extrémités vbouts-
francs™, peuvent &tre 1ligués directement. Cette
{ ddlétion enléve l'intron de ltantigéne t de SV 40,
qui nrest pas trés utile, et diminue de maniére
appréciable la taille de l'unité de transoription de

la phosphotransférase.

5° étape :
Insertion d'un site Xho I dans le site Bam HI de

i pCH110
Insertion d'un linker Xho I dans le site Bam HI du
plasmide . pCH 120 (Pharmacia), vrempli par la
" polymlérase Klenow. o
§° etape :
Insertion du 3' lacZ-polyA SV 40 dans le
plasmide p4
La partie 3' de .la phase codante de la g-
galactosidase, suivie du signal de polyadénylation du
virus SV 40 est isolée du plasmide p5 par les sites
X¥ho I-Aat II et clonée dans le plasmide p4 par les
mémes sites.
7° étape
Insertion du'S'-laqz.dans le vecteur KS-
'La“'partie §5' de la phase 'codante_'de. la g-
galactosidase est isolée du -"plasmide pMC 1871
(Pharmacia) par les sites Pst I-Sac I et clonée dans
le vecteur KS- (Stratagene) par les mémes sites.

8* étape :




SYINPBRNTrLacoL by FhX:
production of transgenic ani mals,
transfected in the conditions descri bed

occurrence of honol ogous reconbi nati on,

33-1-426602890
characterized in that E.S. cells are
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6 above and selected for the
that is the correct integration of

the foreign gene,

the transfected cells are injected into
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Fusion d'une séquence génomique HOXC8 (Hox-3.1)
avec le_5' lac?
Une séguence génomique du géne HOXC8 (Hox-3.1),
clonée dans le vecteur KS-, east purifide par
digeStioné,sucdessives par l'enzyme Sac I, puils par
la nucléase Mung bean et enfin par i'enzyme Apa I.
Cet insert est fusionné avec la partie 5' de la phase
codante de la pg-galactosidase par c¢lonage dans Jle
plasmide p7 digéré par Apa I-Sma I. La protéine ainsi
fusionnée contient le c¢odon dtinitiation de 1la
traduction du géne HOXCS (Hox-a.l}'suiﬁi de la phase
codante de la f-galactosidase (vérifiée ensuite par
seéquengage) .

Mat Seor Ser fle Pro Gy Asp Pro
CCAGC ATGAGC TCC ATTCCC GGG GATCCC
GGTCG TACTCG AGG TAAGBGG CCCCTAGGA

} Sacl
CCAGC ATGAGC T 8 Smal
GGTCG TAC '

- § nucléase Mung baan | |
CCAGC ATG GGG GAT CCC
GGTCG TAC - o ccccrTaGaa

Met Gly Pro ;

CCAGC ATG GGQA GAT CCC
GGTCG TACCCGCTA GGG

9* étape :

Insertion _de HOXC8  (Hox~3.1)~5' 1:
plasmide pé
Ta fusion HOXCB8 (Mox-3.1)-5' lacZ est isolée du
plasmide p8 par les sites Apa I-Sac I et clonée dans
'le plasmide p6é par les mémes sites. cé clonage a pour
effet de reconstituer la phase codante de la g-
galactosidase dans sa totalite.
10° étape :

Insertion_du géne Neo! dans le vecteur KS+

lacZ dans le
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embryos at a stage where they are able to integrate the 5 ‘transfected P.35

cells (for exanple, at the bl ast ocyst stage), and these are then
reinplanted in a surrogate nother and the chineric individuals obtained at
the end of gestation, and in which is noted the colonization through E S
cells of the germline of the chinmeric O animal, are mated. If the E. S.
cells have col onized the germnal |ine of tgﬁ chlnerlc ani mal , heterozygous
transgenic animals for the replaced gene wl

Le géne de résistance & la néomycine (promoteur
pactérien et phase codante de la phosphotransférase)
est isolée du pRSV neo par les sites Hind ITI-Eco RT
et clonée dans le vecteur KS+ (Stratagene).
* étape : _
Mutagénése: de la séquence d' mi.tiatmn de Neo® -
dans pild0 "
La séquence d'initiatien de 1la traduction de 1la
phnosphotransférase est modifiée pour étre identique
A la séquence consensus observée chez les vertébrés
et permettre ainsi un taux supérieur d'initiation de

( la traduction donc une résistance accrue au G418 pour
les cellules de mnammiféres. La modification crée
également un site Apa LI qu1 permet de controler
ltefficacité de la mutagénése.

*

<Apall
GTTTCGCAIG = GTGCACCAIG

_ Un - - | oligonucléotide
' (CTTGTTCAATCATGGTGCACGATCCTCA: comportant une région
de misappariement avec la séquence du pRSV neo
{soculignéce) est synthétisé (Gene Assembler,
\ Pharmacia) puis phosphorylée par la polynucléotide
kinase du bactériophage T4. Une matrice simple brin
du plasmide pl0 est préparée gréce & l'origine £1 du
plasmide KS+ et hybridée avec 1l'oligonucléotide de
nmutagénése. Le deuxiéme brin est synthétisé et réparé
par la polymérase Klenow et 1'ADN ligase du
bacterlophaqe T4. Aprés transformation de bactéries,
- les clones mutés soht criblés & 1l'aide de -
" 1'oligonucléotide marqué au ®p, ra mutagenése a été
vérifiée en digérant par Apa LI ainsi que par
séquengage.
12° étape :
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obtained by mating (F1) the progeny. It is also possible to insert

i nsertion DNA, 5 carried by the vector of the invention, in the egg shortly

after fertilization (that is less than 24 hours). In this way, the

i nsertion takes place while the egg is still in the unicellular state. The

I nvention al so concerns a plasmd able to effect the targeted insertion of

a reconbi nant gene called the insertion gene in the genone of a eucaryotic
24

Remplacement de la séquence d'initiation dans le
plasmide p9
Un fragment contenant 1a séquence modifiée
dtinitiation de la traduction du géne de résistance &
la néomycine est isolée du plasmide pll par les
enzymes Hind III-Eag I et clonée dans le plasmide p9
par les mémes sites. -
13° étape :

Insertion du site de_clonage multiple .dans_le
plasmide p12
Deux oligonucléotides counplémentaires sont

( synthétisés (Gene  Assembler, Pharmacia) puis

phosphorylés. Aprés appariement, le MCS est cloné
dans les sites Apa I- Sac II du plasmida pl2 gridce &
ses extrémités cohédsives

Xmal Asp7i8 _Xmn |
—Apal _ Smal Kool Xba l Ni ¢ Saclt |
§ CCCCGGGGATACCTCTAGAATGCATICCGC ¥
* 0GGGGGGGGOGGOATGGAGATGTTACGTAAGG 5

Le site de clonagé'multiple a également'été vérifié
par séquengage.

II - Addition des séquences "“flanquantes" aux
extrémités du plasmide pGN lindarisé en amont de
lacZ' par un site du M.C.S

Les séquences flanguantes utilisées ont été
choisies en fonction du site d'insertion souhaité
(par exemple, HOXCS (Hox-3.1), voir Fig. 2 a et b
DGMA et pGMD).

Dans la construction du plasmide de mutagénése
pGMD, deux bras deDN ,homolpgue- au locus HOX&E
(Hox~3.1) ont étéJGIOnés-aux sites Apa I-Nsi I et Nsi
I-Sac II du vectedr DGN. Le bras 5' commence au site
Sac II (CCGCGG)aun nucléotide 219 de 1'ADNc c21 de
HOXC8 (Hox-3.1). Ce fragment s'étend sur 6.8 Xb en S§!
jusqu'au premier site BamHI. Le bras 3' commence au
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cell, characterized in that it contains an insert which itself conprises
the.insertion gene and two so-called "f.l anki ng" sequences on either side of

the insertion gene, respectively honol ogous to the two genom ¢ sequences

whi ch are imedi ately adjacent to the desired site of insertion in the

receiver gene. The insertion DNA can be a gene, or a part of a gene,

het erol ogous to the transfected species. The invention al so concerns

transgenic animals in 25 :
- site Apa 1 (GGGCCC} au nucléotide 885 de 1'ADNc o21.
* Ce fragment s'étend sur 1.5 kb en 3' jusqu'au premier

site PstI. Un linker NsiI a été inzéré dans le site

BamBI du fragment 5' et dans le site PstI du fragment

31, Les bras 5' et 3' ont été clonés dans le vecteur

pGN dans les sites Nsi I-Sac II et Apa I-Nsi I,

respectivement. La séquence de 1'ADNc de HOXCS
(Hox-3.1) c21 est publide (réf. 1).

Le plasmide de mutagéndse est lindarisé par
digestion avec Nsi I avant électroporation de
cellules E.S. Ses extrémités sont formées des deux
bras génomiques clonéds aux sites Apa I~-Nsi I et Nsi
I-Sac IXI du vecteur pGN.

Le plasmide pGMD ne présente pas de signal de
polyadénylation aprés le géne de rdsistance mais, en
revanche, présente une séquence riche en AU
responsable d'une déqgradation sélective de mRNA,
insérée dans la séquence de 1l'intron du HOXCS
(Hox-3.1) du plasnmide.

_ ~ Un autre plasmide de mutagénése, pPGMAR, présente
'la; méme' structure que le pGMD mais contient les
signaux de polyadénylation et de terminaison de
transcription du 8V40 et ne présente pas la séguence
_ AU de dégradation de mRNA en aval du gé&ne Neo'. Ces
L modifications avaient pour but de réduire le taux de
transcrits de Neo® dans des clones  lissus
d'intégration au hasard. En revanche, des clones
issus d'événements de recombinaison homologue entre
PGMD et un locus HOXC8 (Hox-3.1) devrait avoir une
croissance inaltérée pendant la sélection au G418, la
' séquencé AT de dégradation de mRNA étant éliminée par
e proéédé de recombinaison méme, ou epissée avec
1'intron HOXC8 (Hox~3.1). ‘ T

Dans les étapes expérimentales qui suivent, le
protocole décrit par Thompson et al. 1989, a été
suivi pour la production d‘animaux chimdres.

A~
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whi ch at | east one endogenous gene, which is preferably present in the
genone in at |east two copies, has been inactivated by the insertion of a .7
gene which i's different fromthe inactivated gene, the insertion gene being

inserted in a position which allows the 7
26
IIT - Transfection de cellules_ embryonnaires de
gouris

La méthode décrite par Thompson et al, 1989, a
été utilisée pour <transfecter des cellules
embryonnaires de souris. L'utilisation de 1la
technique de l'éledtroporation assure 1'introduction
dtune seule copie du géne étranger (lacz) par
cellule. Aprés  transfection, plusieurs clones
exprimant la f-galactosidase ont été isolés.

Les plasmides de mutagénése pGMD et pGMA ont été
linéarisés et introduits par électroporation dans des

{ cellules E.S. afin de favoriser 1l'insertion d'une
cople sculement dans le génome (réf. 11).

Les transfections initiales ont &té effectuées
pour comparer 1l'efficacité de c¢iblage du HOXCS
(Hox-3.1) des plasmides pGMA et pGMD (voir tableau

I).
Recombinaison homologue dans le géne HOXCS

(Hox—3.;)

Exp. Plasmide N* de  Nb de clones Nb de résul-
de muta- l'ensemble formant tats P.C.R.
génése analysé l'ensemble positifs

¢ I PGMA 3 600 0(2)

I1 pGMD .5 250 3(5)

IIX PGMD 84 | 2-3 5(5)

Tableau I

La lignée cellulaire E.S. "C.C.E." (réf., 16) a
été maintenue d'une manidre continue sur des couches
nourricisres fibroblaétiQues (féf.' 17), Pour les.
expériences I et II, 1.5 x 107 cellules E.S. dans 1.5
ml HeBS ont &té électropordes (réf. 11) a 200 V, avec
40 mg de plasmide linéarisé, puls étalées sur quatre
boites de cultures (diamétre 100 mm). Pour
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expression of this gene under t he controfiogg‘fD regulat%ryF %dﬁ%ﬁfgémb# ﬁéz F.39

I nacti vat ed endogenous gene. Thus, the process of the invention all ows,

t hanks to the phenomenon of honDIogous reconbi nation, the 5 insertion in
a targeted manner of foreign genes, in particular coded sequences Wi t hout
the pronoter with which they are usually associated, in the genone of a
eucaryotic organismat a site which allows their expression under the
control of the endogenous pronoter 27

1'expérience IIXI, le choc a été effectué dans les
mémes conditions mais un quart des cellules ont été
étaldes sur cuatre plaques a 24 puits. Le lendemain,
250 ug ml' G418 ont été ajoutés. Chaque transfection
'a donné lieu a env1ron 2400 clones avec PGMA et -
environ 1000 clones’ avec pGMD.

L& nombre moyen de clones de cellules E.S.
résistantes au G418 dans chaque ensenmble est indiqué
dans le tableau I, ainsi que le nonbre d'ensembles
donnant un résultat positif avec la technique P.C.R.
Un résultat positif signifle ¢‘'une bande de 1.6 Kb a
pu étre observée sur un gel d'agarose coloré de
bromure d'ethidium (voir fig. 7). Le nombre
dfensembles donnant un signal positif aprés une
analyse de Southern du mélange P.C.R. et hybridation
d'une sonde spécifique qui ne contenait pas les
séquences des amorces est indiqué entre parenthéses

(fig. 8). . .
Détection de la reconmbinaison homologue avec la
~ P.C.R, | |
P.C.R. a été effectuée = - éllules d'un ensemble
de 250 c¢lones de la tra:r: - . an II (voir voie D de

la fig. 7). Dans les autrw:s voles, gquatre ensembhles
de la transfection III ont été analysés ensemble en
‘mélangeant environ 4 x 5000 cellules. Les amorces 07
et 08 utilisédes dans la P.C.R. entourent la séquence
3'HOXCS (Hox-3.1) du plasmide de mutagénése (fig. 2).
Le fragment de 1.6 Kb recouvrant cette ségquence 3' ne
peut étre amplifié gue dans le cas d'une
recombinaison homologue. Les voies 2, 3 et D

f'illustrent des résultats p051t1fs.

| L'ADN de clones E.S. a été préparé au. moment de
la 1réplique sur filtre en utilisant la méthode
"boiling-proteinase K digestion boiling® (xréf. 18).
40 cycles d'amplification (40 secondes & 94°'C, 1
minute & 60°C, 7 minutes & 72°C) ont été effectuéds
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0 of the gene where the insertion is made, and consequently, t he

I nactivation of t he t ar get ed endogenous gene. In a preferred

enbodi ment of the invention, the targeted receiver gene is a gene which is

present in the genone in at |least two copies. Uilization of the

el ectroporation technique (ref. 11) ensures the introduction of only

one copy of the foreign gene. In this enbodi nent of the invention, the

targeted 28
dans un mélange rdactionnel de 100 pl, contenant 67
mM Tris-HCL (pH 8.6), 16,7 mM (NH,)},80,, 6.7 mM MgCl,,
10 mM 2-mercaptoethanol, 0.01 % (p/v) gélatine, 200
M dATP, d4dTTP et A4CTP, 100 M d4GTP, 100 uM 7-deaza

46T, 600 ng de chagque amorce (07 i
AACTTCCCTCTCTGCTATTC et 08 : CAGCAGAAACATACAAGCTG) 'et‘ _
30 polymérasc Taq (Perkin Elmer Cetus), couvert de
100 ul paraffin. La moitié du mélange de réaction a
été appliquée sur un gel dtagarose 0.7 % coloré au
bromura dfethidium. Le marqueur de taille est un
digest Eco RI + Hind III d4'ADN lanmbda.
Analyses de Southern
Trois cleones indépendants de cellules E.S. contenant
le HOXC8 (Hox-3.1) muté (identifié par P.C.R.) ont
été isolés des ensembles positifs en utilisant des
pipettes. Leur ADN a été examiné par analyse de
Southern aprés digestion avec 1les enzymes de
restriction indiquéa dans la figure 8, afin de
confirmer le c¢iblage spécifique et de faire 1la
distinction entre les loci recombinés et sauvages.
Deux sondes 'différeﬁtes: ont été utilisées dans
1'ana1yse'dé l'extrémité 3' des loci HOXC8 (Hox-3.1)
dans les clones mutés et dans les cellules E.S. non-
mutées agissant comme témoin (fig. 8 ¢). La premiére
sonde "a" eétait contenue dans les séquences HOXCS8
(Hox-3.1) du plasmide de mutagénése et démontrait 1le
nombre d'intégrations de vecteur et leurs liaisons
physiques. Un des trois clones recombinés contenait
en outre une cople du plasmide intégrée au hasard
(fig. . 8 a, clone F2). La deuxiéme sonde "bh" qui
~n'était pas contenue dans le vecteur de mutagénése

faisait la distinction entre - les ' alldles HOXCS
(Hox-3.1) recombindes et sauvages (fig. 8 b). Le
locus recombiné HOXC8 (Hox~3.l1) présentait, avec les
deux sondes, lfimage dthybridation attendue a partir
des cartes de restriction du vecteur de mutagénise et
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insertion of the gene of interest (i.e. the so-called insertion gene) has
the effect of inactivating the single copy of the endogenous cellul ar gene
wheére the insertion takes place and | eaves intact and operational the other
copy (copies) of this gene. In this way, the genetic functioning of the
transgenic animal is not or is little disturbed by the introduction of the
foreign gene, even if the insertion inactivates a single copy of a

recei ving gene essenti al 29

du locus intact. En outre, l'existence de deux
domaines de recombinaison dans le bras 3! du vecteur
a &été confirmée par la présence ou l'absence de la
séquence AT dans le locus HOXC8 (Hox-3.1) recombiné
{par exemple fig. 8, clone L5). L'extrémité 5' du
"locus HOXC8 (Hox-3.1) a é&galement été analysée pour
ltévénement de recombinaison homologue. Des enzymes
de restriction ne présentant pas de sites d&ans la
séquence HOXC8 (Hox~3.1) 5' de 6.8 Xb du vecteur de
mutagénése ont été utlisés dans la digestion des ADNs
des clones recombinés., Cez ADNs ont ensuite é&té
soumis & une électrophorésc dans un champ pulsé pour
différencier les fragments de poids moléculaire
élevé, Une analyse de Southern de ce gel a également
indiqué les alléles recombindes correctement et les
alleles HOXC8 (Hox-3.1) sauvages, en utilisant une
sonde présentant une ségquence en amont du plasmide de

mutagénésa.
Ies analyses de Southern ont démontré g'une
allale Gu géne HOXCE (Hon-- 1 été recombinée comme
' prévu. La recombinaison . le était équivalente a
un double “crossing-ove.” - e les bras génomiques
du plasmide de mub.oenese et les  séquences

chromosomales homologues (Fig. 2).

Dans les clones recombinants, le géne lac Z a
été placé sous le controle des séquences promotrices
et régulatrices du HOXC8 (Hox-3.1) en amont du codon
AUG, mais les signaux 3' de maturation de mRNA
provenaient du S5V40. Dans ces clones recombinés,
l'expression de 1lac Z n'était pas décelable par
co]oration avec p—qal, ce qui est cohéfent _avec
lfabsénce- de transcription de HOXCS (Hox-3.1) dans
dés cellules E.S, déterminée. par analyse de
protection de RNase. L'activité de g-Gal pouvait &tre
induite dans certaines cellules aprés 3 ou 4 jours de
culture en présence de $.10"M acide rétinoique,
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for the development of the animal. Either its development is no
affected by the insertion of the foreign gene, or the possible mnor
~di sturbances in the case of inactivation of a critical gene will probably

not be lethal for the animal. The effects of the insertion of the foreign
gene in the honbzygous state could be of any kind and woul d be observed in
the second generation (F2) after crossing heterozygous individuals (F1)
anong t hensel ves. 20

conditions connues comme induisant la transcription

de HOXCB (Hox-3.1l) (réf. 19).

En utilisant le vecteur de mutagénise pGMA, qui
préscnte une homologie totale de 8.3 Kb ADN avec le
locus HOXte (Hox-3.1), un fragment de 120 pb a été
remplacé par une insertion de 7.2 Kb. La fréquence de
ce remplacement ciblé (1/900) est comparable a celle
obtenue récemment (1/1000) avec HPRT (réf. 13) ou
avec En-2 (1/260) {(réf. 20), le fragment hétérologue
inséré étant cependant dans ces derniers cas d'une
taille beaucoup moins importante (1.1 et 1.5 Kb
respectivement). D'une maniére surprenante, il a été
constaté qu'une fréquence de recombinaison homoloque
trés élevée (1/40) a pu étre obtenue avec le vecteur
pGMD. L'élimination des signaux 3' de maturation de
MRNA et l1l'addition de la séquence de dégradation de
MRNA au géne de résistance & la néomycine a eu pour
effet de réduire le nombre total de clones résistants
au G418 par 2.4 (tableau I). Le rapport de ciblage
spécifique était presque 10 fois plus élevé (900/40).
Le mecaniqme de recombxnalson homologue méme a dd
étre affecte 'dans les experiences avec pGMD. Une
explication possible de ces résultats serait qutune
ségquence AT de 51 pb pourrait fournir, in vivo, une
boucle ouverte dans le plasmide de mutagénaése & cause
de sa température de fusion plus basse. Si les
séquences HOXC8 (Hox-3.1) voisines du peMD peuvent
étre influencées par ce&te ouverture, de chaque cdté
de la région AT, elles pourraient réagir dfune
maniére plus efficace, & 1l'état simple-brin, avec le
locus chromosomal HOXC8 (Hox-3 1}. Le nmodéle de
recomblna1son mltothue chez 1la . levure suggére qu'il
serait initié par un tel échange de brins, bien que
le mécanisme de recombinaison homologue reste inconnu
chez les eukaryotes plus complexes.
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8 If, on the other hand, the inactivation of all the copies of a gene is
desired, for exanple in the case the gene codes for a receptor of an

i nfectious agent, nultiple copies of the foreign gene are 5 introduced.
Control of the quantity introduced can be

31

La figure 8 montre les résultats de 1l'analyse de
Southern effectuée sur des clones individus positifs
{15 et F2) et des cellules E.S5. (C.C.E.).

Les sondes utilisées n'hybrident gqu'avec des
séquences HOXC8 (Hox-3.1) incluses dans le vecteur
 {a) ou exclues du vecteur de mutagénése (b). L'image

d'hybridation du locus HOXC8 (Hox-3.1) recombind

(triangles ouverts) se distingue c¢lairement du locus

sauvage (triangles noirs). Les étoiles indiquent les

bandes d'hybridation d'une copie du plasmide qui

s'est intéqrée au hasard. Le marqueur de taille est
' un digest Eco RI + Hind IIT d'ADN lambda.

La figure B(c) montre les cartes de restriction
des alléles BHOXC8 (Hox-3.1) recombinées (rec.) et
sauvages (wt). Les parties du vecteur de mutagénése
et du Jocus HOXC8 (Hox-~3.1) sont indiquées avec les
mémes symboles que ceux utilisés dans la fiqure 2.
Dangs ce cas, la séquence AT a été intégrée par
recombinaison homologuc, La fléche verticale indicque

l'extrémiteé | 3" du pimc de mutaqénése. La
~lbcaliSation; des sonder t "b" utilisées dans
l'analyse de Southern :-  ,alement indiquée. Ies

abréviations utilisdes dJduns la fiqure 8 sont les
suivantes : B, Bam HI ; D, Dra I, E, Eco RI ; H, Hind
III ; S, Sal I ; X, Xho I.
IV - Production d'embryons chiméres
Une microinjection dans des blastocystes a été
effectuéde avec deux clones E.S. recombinants
contenant un allele HOXC8 (Hox-3.1l) intact et un
allale recomblne, ces clones ne contenalent aucune
" autre copie du pla smide de mutagénése. Les kariotypes
de ces cellules étaient normaux. . _ -
Dix A& quinze cellules. mutées ont été
‘microinjectées par blastocyste. Aprés réimplantation
dans des méres 'porteuses,' les embryons ont été
recueillis & 9.5, 10.5 et 12.5 jours p.c. et analysés
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ensur ed by using known techni ques. The targeted |nsert|on o? tﬁe ?%r%ﬁgﬂ%z k.44

gene thus allows its introduction in a site where its expression is under
the control of regulatory sequences of the endogenous gene where the
insertion takes place. The process of the invention also allows insertion
of the foreign gene behind an endogenous pronoter which has the desired
functions (for exanple, specificity of expression in a particular tissue)
and

32

pour expression de lac Z. La grille de transcription
de HOXC8 (Hox-~3.1) & ces stades avait été deéterminée
au préalable par analyse d'hybridation in situ (réf.
1). les transcrits HOXC8 (Hox-3.1) sont détectables
pour 1la fpremiére: fois au stade de gastrulation
tardive et sont répartis dans tous les tissus de la
partie ©postérieure de l'animal. Plus tard, 1la
répartition devient progressivement 1limitée dans
ltaspace et spécifigue au tissu. Au stade de 12,5
jours p.c., la transcription est localisée dans la
région cervicale du tube neurél, au niveau du coeur.
Au cours de l'embryogenése, la répartition de 1la
transcription de HOXC8 (Hox-3.l1l) subit donc des
modifications. Le stade 10.5 jours p.c. semble étre
une période de transition, 1la transcription ayant
lieu & la fois dans les deux régions arridres et dans
le tube neural cervical. _
Dans des embryons chimériques de 9.5 et 10.5
jours p.¢., la partie caudale au bourgeon postérieur
~ présentait une activité g-Gal intense, tandis que le
. marqueur n'a jamais -été. détecté'_dans ~la. région
thoracique antérieure ou la téte (Fiq. 9a). Dans la
région postérieure, des cellules colorées par le g~
Gal ont é&té observéss dans tous les tissus et de
toutes les couches embryonnaires. Entre 1les deux
bourgeons gqui donnent les membres, des c¢ellules
colorées étaient  réparties dans des zones
restreintes, dans l'ectoderme superficiel (Fig. 9b),
comme dans les régions arridres (Fig. 9c) et, en
forme de lignes étroites ou rayures, dans le tube
neural (Fig. 9b). Ces rayures préscntaient une
‘répartition irrégquliére. et. asymetrique sur la paroL
du tube neural. La transcription de HOXCS (Hox-s.l)
n'a pas été détectée dans la couche mince de cellules
vers la fermeture du tube neural. Ces cellules n'ont
peut-8tre pas résisté aux traitements appliqués lors
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this, in the relevant case, w thout inactivating the other copies of
receiver gene. In a preferred enbodinent, the insertion DNA or the vector,
cont ai ns sequences inserted between the i nsertion DNA and t he f I anki ng
sequences. These sequences can for exanple contain a sequence coding for a
selective agent allowwng the selection of transformants and
eventually a nmarker gene, for exanple LacZ -

i3
de lthybridation in situ. I1 a été observé dque les
cellules de l'ectoderme neural font partie, trés tét,
de parties différentes Qu systéme nerveux et migrent
dans une direction radiale, suivant des wmouvements
latéraux étroits (réf. 21). Ces résultats sont donc
cohérents avec cette observation.

L'expression de TLac % a donc illustré
correctement la premiare partie de la transcription
de 1l'homéogéne HOXC8 (Hox-3.1), c'est~a-dire dans
tous les tissus des régions caudales des embryons de
9.8 et 10.5 jours p.c., et a fourni de nouvelles
informations concernant le mode de transcription de
HOXCS (Hox-3.1).

En revanche, l'expression de Lac Z n'a pas été

T

observée dans les régions cervicales du tube neural
diembryons chiméres de 12.5 jours, ni dans la région
antérieure dAQ'embryons de 10.5 Jjours ; ceci n'‘était
pas le résultat attendu & partir des études

dthybridation in situ. La phase ultérieure de
transcription de HOXC8 (Hoy- . observée & partir du
jouf 10.5 dans les._zoﬁv- 5 localisées du tube
neural n'était pas mise = .. .ance éar llactivité de

f-Gal. Une explication possible pour ce résultat
serait que, bien §ue l'expression de lac Z soit sous
le contréla du promotenr HOXC8 (Hox-3.1), les
séquences 3' du HOXC8 (Hox-3.l1l) sont absentes dans le
géne reporteur. Il est possible que des séquences 3!
du codon dt'initiation AUG du HOXCS (Hox—-3.1) aient
une influence sur l'expression tardive de HOXCS
(Hox-3,1) - dans le domaine antérieur. Un effet de
i“dosage ~de  géne" pourrait aussi expliquer «ce
résultat. L'autoactlvatlon de : plusleurs homéogenes |
chez Drosophila a éte démontrée génétiquement ou
suggérée par la formation de complexes entre 1!'ADN et
les protéines des homeobox.
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In a highly preferred enbodinment of the invention, the insertion DNA
carries, between the flanking sequences, on the one hand a DNA sequence
i ntended to be reconbined with the conplenmentary DNA in the receiver gene
to provide a reconbi nant gene and, on the other hand, a sequence coding for
a selective agent permtting the selection of transformants and a pronoter
aut hori zing the expression of the selective agent, the receiver gene and
t he reconbi nant gene 34

8i le composant tardif de la transcription de
HOXCB (Hox—-3.l) dans le tube neural est maintenu par
un mécaniame semblable, 1l'inactivation d'un alléle
pourrait avoir un effet dominant dans les celules de

" 1l'ectoderme neural. - Puisqu'un allale sculement

produirait la protéine HOXC8 (Hox-3.1), le signal -
dlactivation serait dilué sur les deux promoteurs. La
réduction d'autoinactivation dans 1les deux loci
pourrait ainsi conduire & un arrét total de
1tinitiation de  transcription. Ceci  pourrait
expliquer pourduoi aucune expression de Lac Z n'a été
deétectée dans la région cervicale du tube neural
d'embryons de 10.5 et 12.5 jours.
V =~ Passage de la modification dans 1la 1lignée
cellulaire germinale : production dfanimaux
transgéniques

Les effets en F; et en F, de la modification
apportée par 1llinsertion ciblée ont été observés
aprés reproduction des chiméres. Le passage de la
modification dans la lignée cellulaire germinale a
été constaté. ' - |
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jcodi ng for expression products not conferring a sel ectabl e phenotype.

According to this enbodi nent,

conprises, between the flanking sequences, on the one hand a DNA

sequence I nt ended to be r econbi ned W th the conpl enentary DNA

in the receiver gene and, on the

154-155, S | .
iS.Robertson, B.J., {(1986) Trends in Genetics, 9-13 .
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ot her hand, a sequence coding for a selective agent allow HJ 't hé Yal'tetrartrath
of transformants and a pronoter authorizing the expression of the selective
agent, the DNA sequence intended to be reconbined with the conpl enentary

DNA bei ng other than a gene coding for a selective agent. In this way, the
selection of transformants is entirely independent fromthe nature of the
recei ver gene and the inserted gene, contrary to the processes
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necessarily had to code for a product of expression allow ng the selection
The shsfen1 devel oped by the inventors gives total

t ranst or mants.

or | AR AR DR

of
flexibil

gene,
have

noted

significant size (for exanpl e about 7.5 kb37does not

-ny

REVENDLCATIONS

1. Animal transgénique ou chimérique comportant
des cellules dont le génome comprend :
- un ADN hétérologue, dit ADN d'insertion, et étant

constitué par la totalité d'un géne ou par une partie.

d'un géne ;

- 1'ADN d'insertion é&tant positionné dans le génome
par rapport a4 un géne endogéne, dit géne receveur,
comprenant un ADN de complément, de fagon A ce que
1'ADN Q'insertion ou 1'ADN de complément est rendu
fonctionnel, ou son fonctionnement est rendu plus
efficace grdce a l'association de 1'ADN d'insexrtion
et 1'ADN de complément., .

2. Animal selon la revendication 1, caractérisé
en ce gque 1'ADN d'insortion contient soit une
séquence codante, dont 1l'expression a lieu sous le
contrdle des sdéquences régulatrices du géne receveur,
soit une séquence régulatrice permettant l'expression

d'une séguence codante du Ju. - -2ceveur, .
.3, Animal selon la =+ ation 2, caractérisé
en ce gue L1'ADN d'insc.t ist constitué d'une

séquence codante autre qua2 la séquence codante d'un
géne codant pour un agent de selection.

4. Animal selon la revendication 1, caractérisé
en ce que 1'ADN d'insertion comprend la totalité d'um
géne.

5. Animal selon 1tune quelconque des
revendications précédentes caractérisé en ce que le
géne receveur est un géne qui nornalement n'esﬁ pas

" transcrit dans la cellule.

nature of the receiver gene and the inserted
y honol ogous reconbi nati on. The I nventors
t hat, surpr|S|neg the insertion of sequences of

a

6. Animal  selon  1l'une - quelconque 'deé-“7

revendications précédentes caractérisé en ce gque le

géne receveur est inactivé suite & 1ltinsertion de
1'ADN dtinsertion, l'expression de 1'ADN d'insertion
se substituant a celle du géne receveur.
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af.fect the frequency of honol ogous reconbi nati on. The possi ble effect of

" the insertion of the DNA sequence according to this aspect of the invention
i nctudes; aepenulni on the type of sequence inserted for exanple the

{ﬁgl ?mmmm)l“ﬂ“n HI“E sequence, the replacenent of a regul atory sequence,

ctivation of a gene by nutation or inprovenent of

t he expre§5| Yevel of a gene. It is pos§§ble, according to the invention,
to replace a codlng frame
7. Animal selon 1'une quelconque des

revendications précédentes caractérisé en ce que
1'ADN d'insertien remplace une partie du géne
receveur. .

8. Animal  selon 1l'une quelcongue des
“revendications précédentes caractérisdé en ce gue le
géne receveur est, hormis 1la présence de 1'ADN

dtinsertion, dans son environnement génétique
naturel.
9, Aninal selon 1l'une quelconque des

revendications précédentes caractérisé en ce que le
génome contient, adjacent & 1'ADN dfinsertion, une
séquence dite "intercalante" comprenant par exemple
une séquence codant pour un agent de sélection avec
un promoteur autorisant l'expression de l'agent de
sélection, ou un marqueur.

10. Animal transgénique dans leguel unc seule
copie d'un géne qui est présent dans le génome a4 au
moins deux exomplaires, a été inactivé par
ltinsertion d'un géne qui est différent du géne
inactivé, le géne dfinéertion.étant inséré dans une
position gui permet 1‘'expression de ce géne sous le
contréle des séquences régulatrices du géne endogéne
inactive, _ :

11. Animal selon l'une guelcongque  des
revendications précédentes utilisé pour un marquage
génétique, o

12. Procédé de criblage de produits
pharmaceutigues présumés avoir une activité & l'égard
des produits d'expression d'un géne pathologique lié
4 une maladie, cafactérisé par l'administration du
produit & un animal . transgénique seloh, 1tune
quelconqde- des revendications 1 A 11, 1'ADN
d'insertjon étant constitué par le géne patholoqique
ou un fragment de celui-ci,
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or part of a coding frame by a heterol ogous sequence which begins at the

I nitiation codon—ef—the—r+epl aced gene so that the expression of the

i nserted aces the expression of the replaced gene. This
avoi ds thﬂ“‘“‘mnlmml mlm on proteins which could be undesirable in a
transgeni c+anrmat. M

19

13. Acide nucléique issu de la recombinaison
homologue entre wun ADN d'insertion et un géne
receveur, ledit acide nucléique comprenant :

- un ADN d'insertion, hétérologue vis-i-vis @u géne
receveur, 1'ADN 4'insertion étant constitué par la
totalité d'un géneiou par une partie d'un géne ;

= un géne receveur

- 1'ADN d'insertion étant positionné par rapport au
géne receveur comprenant un ADN de oconplément de
fagon 4 ce gque 1'ADN d'insertion ou 1l'ADN de
complément est rendu fonctionnel, ou son
fonctionnement est rendu plus efficace gréce a
l'association de 1'ADN d’'insertion et 1'ADN de
complément,

o~

14. Cellule d'animal transgénique selon 1l'une
quelconque des revendications 1 & 10.

15. Lignée cellulaire issue d'un animal
transgénique selon 1'une duelcongque des
revendications 1 a 10.
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.10°I'n this enbodiment of the invention, the insertion DNA can carry
between the fl anki ng sequences a heterol ogous codi ng sequence w thout
pronoter, the codi ng sequence being other than a gene coding for a 5

sel ection agent. The insertion DNA can al so carry, downstream of the
codi ng sequence and still between the flanking sequences, a gene coding for
a selection agent, associated with a Qﬁpnnter allowing its

ABREGE DESCRIPTIF

L'invention concerne un animal transgénique ou
chiméricque comportant des cellules dont le génome
comprend : »
-~ un ADN hétérologue, dit ADN d'insertion, et étant
_constitué par la totalité d'un géne ou par une partie_
d'un géne ; | -
- 1'aDN d'insertion étant positionné dans le génonme
par rapport a un géne endogéne, dit géne receveur,
comprenant un ADN de conplément, de fagen a ce gue
1'ADN d'insertion ou 1'ADN de complément est rendu
fonctionnel, ou son fonctionnement est rendu plus
efficace gréce & l'association de 1'ADN d'insertion
et 1'ADN de complément.
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«g'ygressi onin the target cell. In this way, the heterol ogous coding

* sequence can be inserted after an endogenous pronoter which has the desired

properties, for exanple a certain specificity of expression, or
‘transcription pattern etc., the selectability of the transforned cells
being entirely independent from thelékbression of the heterol ogous coding
sequence. This type of construc{ion makes it possible, for exanple, to

sel ect the transformants even pGN
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tf the gene replaced by. the heterologous coding sequence is not
normal |y expressed in the target cells. This is particularly inportant in
t He production of transgenic aninmals fromE. S. cells ( Enbryonic Stem
Cells") since a significant proportion of genes remains inactive
until a nore advanced stage of the devel opnent of the aninmal. The HOXC38
gene (al so known under the nane of Hox-3.1) is an exanple of this type of
gene. Moreover, if the coding sequence codes for an
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easily detectable protein, for exanple [err]-Gal, the devel opnent
transcription tenplate of the replaced endogenous gene can be
foll owed. The pGN vector is an exanple of this type of construction. In
anot her enbodinment of the invention, the insertion DNA can carry a
foreign regul atory sequence. The site of insertion and, consequently, the
fl anki ng sequences are chosen in relation with the desired aim that is
either the insertion of the foreign regulatory

3/12
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11 sequence to give an effect of "double pronoter” with the endogenous
regul atory sequence, or the replacenent of an endogenous pronoter by the
foreign pronoter. The coding sequence which comes under the control of the
5 regul atory sequence can be endogenous.
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Anot her possibility can be the targeted insertion of a foreign DNA which
carries both a regulatory sequence and a codi ng sequence. It is possible
that the regul atory sequence can be that which is naturally associated with
t he codi ng sequence. The process of the invention activates a vector
containing two "flanking" sequences on either side of the foreign gene.
These fl anki ng sequences have at |easts/220 base pairs and are preferably

inferior to the -
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length of the receiver gene. It is essential that these two flanking
sequences be honol ogous to the two genom c sequences which are i nmedi ately
adjacent to the desired insertion site. The flanki ng sequence of the vector
which is |ocated upstream of the foreign gene to be introduced is nornally
honol ogous to the genom c sequence which is |ocated at the 5 end of the

i nsertion site. In the same way, the flanking sequence of the vector

| ocat ed downstream of the foreign gene is

6/12
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-normal Iy honol ogous to the genom c sequence which is |located at the 3" end
of the site of insertion. It is possible to introduce "intercal at ed”
sequences between either one of the flanking sequences and the foreign
gene, for exanple sequences permtting the selection of transformants,

mar kers, sequences permtting cloning of the vector etc. The position of
these intercal ated sequences with respect to the foreign gene nust however
be chosen so

7/12
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-as not to hinder the expression of t he forelgn gene, in particular the
codi ng sequence of the foreign DNA under the control of the endogenous

pronoter or, inversely, the coding sequence of the endogenous DNA under the
12 control of foreign elenents of regulation carried by
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the insertion sequence. Despite the presence of flanking sequences, which
encour ages honol ogous reconbination, it is possible 5 that a certain
nunber of integrations take place at random In order to verify that the
targeted insertion has actually taken place in the targeted site and not in
anot her place, the technique of "Polynerase Chain Reaction" (P.C.R) (see
Ref. 10) is used to anplify 10 the DNA sequence of the |ocus where the

i nsertion takes

a | | b
| Ls A _F2 __ L5 _a _ES

B+ D+E D E BiH E DDsE E B+ E BeH
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pl ace, or should take place. In this way, only the clones transforned

fol fowi-ng a honol ogous reconbi nati on are sel ected. The fl anki ng sequences
of the vector are 5 evidently chosen in relation to the desired site of

i nsertion so that honol ogous reconbi nati on can take place. Thus the

fl anki ng sequences can carry duplicated sequences of t he endogenous
pr onot er and/or nodifications to the sequences which precede the

10/12
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initiation codon to raise the translation |evel (upstream sequences)
and*dupl i cat ed sequence of the ternination sequences particularly of the
si'tes of pol yadenyl ati on (downstream sequences). The insertion gene can be
any gene of interest. One will cite as non-limting exanples the gene LacZ
(as in the nodel described below), the genes coding for interleukin or

I nterferon, receptor genes for exanple of retinoic acid or beta-3
adrenergic or H1.V., and :

/12

Fig. 9B
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genes known to be linked with certain diseases , for exanple nyopatﬁy‘ekc '\\\
The‘9ucaryot|c cells transformed by the process of the invention are al so .
i nttuded in the present application. In a preferred enbodi ment of the

i nvention, the eucaryotic cells are enbryonic cell lines (see Ref. 14 and
15) .

o

12712 '” T

‘Fig. 9C )
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l%mln'fact, a nutated E.S. cell can be injected into an early enbryo which
after reinplantation, can be born under a chinmeric form_ If the germline
is colonized by the nutated cell, the chineric ani nal THI S RS0l
mutation to its progeny. After this, it wil{ be possiblfe to RH
effects of this

TRANSGENIC OR CHIMERIC ANTMAL AND PROCESS FOR SCREFNING
PHARMACEUTICAL PRODUCTS

*
The present invention relates to a process for
- specific replacément of a copy of a gene present in the
genome of a receiver eucaryotic organism by the
integration of a gene different from the inactivated
5 gene. The receiver gene will preferably be present in
at least 2 examples in the transfected host cell. The
receiver gene is defined as being the gene where the
insertion of the different gene will bhe made.
More particularly, the invention relates to the
10 production of transgenic animals in which the foreign'
gene has been introduced in a targeted manner to allow
both the maintenance of the normal genetic functions of
the animal and the expression of the foreign gene under
the control of endogenous promoters.
15 By "‘different or foreign gene'' is meant any
nucleotide sequence corresponding to the totality or to
a part of a _“foreiqn -or different!! gene of tﬁe
receptor gene as it is found normally in the genome
(RNA or DNA), where it corresponds also to an
20 artificially modified sequence of the normal gene or
again to a fragment of this sequence.
The inventidn also concerns the process of
production of these transgenic animals,
In the production of transgenic animals, the
26 conventional methods used for the introduction of
heteroclogous DNA sequences in the germ cell line do not
allow control of the_site_of_integfation_of_the foreign
gene in the genome, nor the number of copies thus
introduced. The integration of the foreign gene is
30 c¢arried out at random and, in general, several copies
of the gene combine at the same time, sometimes under
the form of ~a head-to-tail tandem, the site of

This Sheet Has Been Replaced .
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mitation in the honbzygous—state in sone indivi dual 's, of— their
devel opnent their behavi our, their netabolism their pathol ogy etc.
3 Figure 1 shows the pGN pI asm d, which is part of the invention.
Fi.gures 2a and 2b show the nol ecul es pGVA and pGWD respectively constructed
fromthe pGN plasmid in relation to the geng HOXC8 (T\LQ .. These

pl asni ds are nmutagenesis plasmids. The two parts of t|hEHEHEEG HAS BEEN
REPLACED

integration and the number of coples integrated varying
from one transgenic animal to another.

It can thus happen that the endogenous cellulay
genes, situated at the point of insertion, *may -be

‘5 inactivated,  without this being easily detectable
because of the numerous insertions made at random. If
the product of these genes is important for the
development of the animal, this development will be
scriously disturbed. Moreover, the aleatory insertion

10 of the foreign gene may take place at a site which is
not appropriate for the expression of the gene. In
addition, the fact that there is a variation in the
site and in the number of insertions from animal to
animal makes interpretation of studies of ‘expression

15 extremely difficult.

A major problem encountered in the production of
transgenic animals is obtaining the expression of the
foreign gene. Generally - speaking, two types of
experiment have been made on mice.

20 . The genes introduced in the germ line are:

- either “'complete'! genes, including coding
sequences flanked by their own regulatory sequences;

- or composite genes, formed from the coding
sequence of a gene fused with the promoter sequence of

25 anbther gene,- the two fragments  sometimes even
belonging to two different animal species.

It was thus possible to confirm that the
specificity of the expression of genes in such and such
a tissue is determined by their regqulatory séquénce(s) .

30 The choice of the appropriate promoter  for the
expression of the foreign gene in the transgenic anlmal
15 thus of prmordlal importance.

Besides, the controlled mutagenes:.s of murme'
genes in embryonic c¢ell lines has recently been carried

35 out using a technique of gene targeting (Thomas et al.,
1987; Thompson et al,, 1983),

‘This Sheet Has Been Replaced




GUTMANMN-FLARSSERHULU FHA. 20717450003 Ll .U LV .20 LI VW 1Y - Wiaae 1T

eequence of the gene HOXC8 (Hox-3.1) are represented on chronosone 15,
with the "honeo" box in black. The correspondi ng sequences of HOXC3
(Hox-3.1) have been cloned in the pGN plasm d. (A signhaj—e

polyadenylation; Enh/ Pro: enhancer - pronntes): 07 and 08 §H§Mﬂﬂhﬂ~n .
ol i gonucl eotides used in the PCR Figures 3 to 6 showt . aBEHd&xy§eg N
t he

In the first case, the HPRT murine gene was
mutated by insertion and replacement and, in the second
case, a mutated HPRT ¢gene was corrected. Thompson et
al. widened their experiments as far as oBtaining

.5 chimeric mice and recorded the passage of the genetlc
modification into-the germ cell line. -

In each of the documents quoted, the precise site
of integration was targeted by homologous recombination
between, on the one hand, exogenous sequences carrying

10 the mutation or correction included in the vector,
under the control of an exogenous promoter and, on the
other hand, their genomic homelogue. This being so, it
must be pointed out that earlier authors have carried
out their experiments on a specific gene (HPRT) whose

15 activation by mutation was accompanied by a detectable
phenotype. The targeted mutation described by Thomas et
al. had the effect of inactivating the HPRT gene and,
consequently, making the detectable phenotype normally
associated with the HPRT disappear. The NeoR sclection

20 gcne, under the control of a TK promoter, was thus
incorporated into the insertion DNA in order to permit
the selection of transformants. It should be noted that
the experiments described in the prior art implied a
selection either by the receiver gene (e.g. HPRT) or by

25 the insertion gene (e.g. NeoR). The site of insertion
and/or the type of gene inserted is thus limited to
genes conferrlng a selectable character, a direct
selection.

Bezsides, in the prior art, the exogenous

30 scquences'on the vector thus serve both to target the
site of integration and to introduce the modification{

. Following homologoﬁs'fécombinatioh, the modlfled gene.
always finds itself in its normal genetlc environment.

We should remember that a problem posced during

35 the production of transgenic animals is the danger of

/”
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copstruction of the pGN. Figure 7 illustrates the detection

reconbi nati on by
transfected E. S.

positive individua

of the invention
according to the

10

15

20

t he Pol ynerase Chain Reaction (P.C R ) tec ﬁﬂﬁ%é“gﬁr
cells. Figures 8a and 8b show Southern gnal ysREPL

EEN

has a very wide industrial applicability and can vary

inactivating an'endogenous cellular gene existing at
the insertion point of the foreign gene,

According to the function of the product of the
inactivated gene, such an inactivation can %tead to
significant physiqlpgical.or morphological disorders in

the transgenic animal, or could even prevent its

survival.

on the other hand, the inactivation of the gene
could be considered as advantageous if the gene in
guestion coded for a virus receptor or other infectious
agent.

The inventors have studied the possibility of
avoiding the disadvantages described above and
associated, in <ocertain «cases, to +the possible
inactivation of one or several endogenocus cell gencs
with an important function during the production of
transgenic animals. :

The object of the invention is a process for
replacement or specific insertion of a gene, in
particularly by targeting a DNA, called insertion DNA
constituted by the totality of a geﬁe, or by a part of

- | gene,'susceﬁtible to being rendered functional, where

25

30

35

this functioning can be made more efficient, when it is
recombined with a complementary DNA to then provide a
complete recombinant gene in the gcnome of a eucaryotic
cell, characterized in that

- the insertion site is in a chosen gene, called
a receiver gene, and containing the complementary DNA,
and in that

- eucaryotic cells are transfected with a vector
containing an inscrt which'bomprises the insertion DNA
and two so-called " |
of the insertion DNA, respectively homologous to two
genomic sequences which are immediéteiy adjacent td the
degsired site of insertion in the receiver gene,

This Sheet Has Been Rep!
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nature of the foreign gene introduced,
transgeni ¢ ani nal s. 14 The genetics of manmmal s

for exanple for the production of

IS S
considerably in view of the recent p055|b|I|ty of specifichlly éﬁPgAHA§%§ﬁ§

gene, thus making it possible 5

140

15

20

25

30

35

~ the insertion DNA being heterologous vis-a-vis
the receiver gene, and

- the flanking sequences, being chosen from thoge
which make up the above-menticned complementary’DNA and
which allow, through homologous recombination with
corresponding sequences of the receiver gene, the
reconstitution of a complete recombinant gene in the
genome of the eucaryotic ¢ell.

According +to the invention, the so-called
insertion DNA can contain either a coding sequence or a
requlatory sequence, the process then being
characterized in that

-~ the insertion site is in a chosen gene, called
a receiver gene, and in that

- eucaryotic cells e}e transfected with a vector
containing an insert which comprises the insertion DNA
and two so-called “’flanking'! sequences on either side
of the insertion DNA, respectively homologous to two
genomic scquences which are immediately adjacent to the
desired site or insertion in the receiver gene,

~ the inscrtion DNA . being heterologouS- with
respect to the receiver gene, and

- the flankinq sequences being chosen so as to
permit by homologous recombination depending on the
case, either the expression of the coding sequence of
the entire insertion DNA under the control of the
requlatory sequences of the receiver gene, or the
expression of a coding sequence of the receiver gene
under the control of regulatory sequences of the
insertion DNA.

For example, the 1nsert10n DNA may contain a
cod1ng sequence W1thout the requlatlon element, notably

- without its own promoter.

The invention also relates to a process for the
production of transgenic aniwnals, characterilzed in that

- E.8. cells are transfected in the conditions described

-
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to. define its role nmore accurately. Through this 5 technol ogy which

i n ' ' I'l's, val uabl e [QLRT éﬁh
vol ves honol ogous reconbi nati on and E. S. ce , N
Lg“obtained on gncogenes, grow h factors, transcription fadtors ﬁEgﬁgﬁgm
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H a
whi ch concern very actual subjects both in f@ndamental researeh

applied research

An O inportant outcone for nedical research IS

the possibility of reproducing a human disease whose genetic
determ nation is known (certai n pathol ogi cal :

10

15

20

- cell, characterlzed in that it contains an insert which .

25

30

35

above and selected for the occurrence of homologous
recombination, that is the correct integration of the
foreign gene, the transfected cells are injected into
embryos at a stage where they are able to integiate the

transfected cells (for example, at the blastocyst

stage), and these are then reimplanted in a surrogate
mother and the chimeric individuals obtained at the end
of gestatlon,'and in which is noted the colonization
through E.8 cells of the germ lihe of the chimeric
animal, are mated, If the E.S. cells have colonized the
germinal 1line of the chimerie animal, heterozygous
transgenic animals for the replaced ¢gene will be
obtained by mating (F1) the progeny.

It is also possible to insert insertion DNa,
carried by the vector of 'the invention, in the egq
shortly after fertilization (that 1is 1less than 24
hours). In this way, the insertion takes place while
the egg is still in the unicellular state,

The invention also concerns a plasmid able to

effect the targeted insertion of a recombinant gene

called the inscrtlon gene in the genome of a eucaryotic

1tse1f comprises the insertion gene and two so-called
“*flanking'' sequences on either side of the insertion
gene, respectively homologous to the tyo genomic
sequences which are immediately adjacent to the desireq
site of insertion in the receiver gene.
The insertion DNA can be a dene, or a part of a
gene, heterologous to the transfected species,
The invention also concerns transgenic animals in
which at least one andogenous gene, which is preferably

present in the genome 1n at least two copies, has been

inactivated by the: insertion of a gene which is
different from the inactivated gene, the insertion gene
being inserted in a pOSithn which - allows the

This Sheet Has Been Rep
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hunan di seases, such as the nmyopathy of Duchesne) so as to study its
nmechani sns better and search for a therapy. By applying the “'CCCS% of iﬁa N
i avention, a gene known to be responsible for a certain di s¢aE8#S;s .f %%ﬁ?(f'
in a targeted manner into the genone of an7E. S. cell. The tn

which results fromthis process presents a useful nodel of the di sease. |f
necessary, and as described above, nornal

expression of this gene under the control of requlatory
sequences of the inactivated endogenous gene.
Thus, the process of the invention allows, thanks
to the phenomenon of honologous recombinathn, the
5 insertion in a targeted manner of foreign genes, in
| particular coded sequences without the promoter with.
which they are usuwally associated, in the genome of a
eucaryotic organism at a site which allows their
expression under the control of the endogenous promoter
10 of the genhe where the insertion is made, and
consequently, the inactivation of +the targeted
endodgenous gene.
In & preferred embodiment of the invention, the
targeted receiver gene is a gene which is present in
15 the genome in at least two copies. Utilization of the
electroporation technique (ref. 11) ensures the
intreduction of only one copy of the foreign gene.
In this embodiment of the invention, the targeted
insertion of the gene of interest (i.e. the so-called
20 insertion gene) has the effect of inactivating the
single copy of the endbgenous-cellu]ar gene where the
insertion takes place and leaves intact and operational
the other copy (copies) of this gene,
In this way, the genetic functioning of the
25 transgenic -animal is not or is little disturbed by the
' introduction of the foreign gene; even if the inscrtion
inactivates a single copy of a receiving gene essential
for the development of the animal. Either Iits
development is not affected by the insertion of the
30 foreign gene, or the possible minor disturbances in the
case of 1nact1vation of a oritical gene will probhably
not be lethal for the ‘animal. The’ effects of the
‘insertion of the foreign gene in the homozygous state
. could be of any kind and would be observed in the
35 second ¢generation (F2) after crosging heterozygous
individuals (F1) among themselves.

Tkis Sheet Has Been Replaced
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genetic functions can be significantly maintained, despite the insertion of
the foreign gene. Another application of the process of t
the genetic marking of animals. This application consists| THIS $HEETH
insertion gene which is easily detectable e.g. the LacZ dene wWRFEWACH

play the role of a cell marker. In this wa$, filiation studies e.g. in
conpetition aninmals are facilitated, and the breed can be foll owed up.

If, on the other hand, the inactivation of all
the coples of a gene is desired, for example in the
case the gene codes for a receptor of an infectious
agent, multiple copies of the foreign q;ne are

5 introduced. Control of the qyantity introduced can be
ensured by using known techniques,

The targeted insertion of the foreign gene thus
allows its introduction in a site where its expression
is under the control of regulatory sequences of the

10 endogencus gene where the insertion takes place.

The process of the invention also allows
insexrtion of the foreign gene behind an endogenous
promoter which has the desired functions (for example,
specificity of expression in a particular tissue) and

15 this, in the relevant case, without inactivating the
other copies of the receiver gene.

In a preferred embodiment, the insertion DNA, or
the vector, contains sequences inserted@ between the
insertion DNA and the flanking sequences. These

20 sequences c¢an for example contain a sequence coding for .
a selective agent allowing the = seloction of
transformants and eventuwally a marker gene, for example
Lacz,

In a highly preferred embodiment of the

25 invention, the insertion DNA carries, betwecn the
flanking sequences, on the one hand a DNA sequence
intended to be recombined with the complementary DNA in
the receiver gene to provide a recombinant gene and, on
the other hand, a sequence coding for a selective agent

30 permitting +the selection of transformants and a
promoter authorizing the expression of the selective
agent, the receiver gene and@ the recombinant gene

. coding for expression products not conferring a
selectable phenotype. According to this embodiment, the

35 insert of the plasmid of the invention comprises,
between the flanking sequenceé, on the one hand a DNA

This Sheet Has Been Replaced
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ilnsertion of the LacZ gene as insertion gene al so nakes [pf '
:possible. In view of the possibility of identifying |the RE%Li '%§EEN f
[err]- gal act osi dase, t he activity and speci ficity o1 FPer ent
endogenous pronoters can be studied bX targeting different sites in

the sane type or different

sequence intended to be recombined with the
complementary DNA in the receiver gene and, on the
other hand, a sequence coding for a selective agent
allowing the selection of transformants and a Lromoter
5 authorizing the expression of the selective agent, the
" DNA' sequence intended to be recombined with the
complementary DNA being other than a gene coding for a
selective agent. '

In this way, the selection of transformants is
10 entirely independent from the nature of the receiver
gene and the inserted gene, contrary to the processes
described until now, in which the inserted gene or the
receiver gene necessarily had to code for a product of
expression allowing the eselection of transformants. The
15 system developed by the inventors gives total
flexibility regarding the nature of the receiver gene
and the inserted gene, or the gene formed by homologous
recombination. The inventors have noted that,
surprisingly, the insertion of sequences of a
20 significant size (for example about 7.5 kb) does not
' ;-affect the frequency of homologous recomblnatlon. |
The p0551b1e effect of the insertion of the DNA
sequence according to this aspect of the invention
includes, depending on the type of scquence inserted
25 for example the replacement of a coding sequence, the
replacement of a regulatory sequence, the inactivation
or reactivation of a gene by mutation or improvement of
the expression level of a gene. It is possible,
according to the invention, to replace a coding frame
30 or part of a coding frame by a heterclogous sequence
which begins at the initiation codon of the replaced
gene . so that the expr9351on of the 1nserted gene
entirely replaces the expression of .the replaced gene,
This avoids the formation of fusion proteins which

35 could be undesirable in a transgenic animal,

laced
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'types of cells.

organi sm during devel opnent or at the adult stage, by usi
of chineric or
surprising manner that the frequency of honol ogous reconbination is not
affected by the insertion of fragnments of ¥49nificant size, for exanple
LacZ. This observation O has suggested to the inventors that the technique

of
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The sane studies could be carried out on a§-c
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transgenic animals. The inventors have ollserved—+r—=a

In this embodiment of the i{nvention, the
insertion DNA can carry between the flanking sequences
a heterologous coding sequence without promoter, the
coding sequence being other than a gene codiﬁb for a
selection agent. The insertion DNA can also carry,
downstream of the coding sequence and still between the
flanking sequences, a gene coding for a selection
agent, associated with a promoter allowing its
expression in the target cell.

In this way, the heterologous coding sequence can
be inscrted after an endogenous promoter which has the
desired properties, for example a certain specificity
of expression, or transcription pattern etc., the
selectability of the transformed cells being entirely
independent from the expression of the heterologous
coding seguence. This type of construction makes it
possible, for example, to select the transformants even
if the gene replaced by the heterologous coding
sequence is not normally expressed in the target cells,
This is partlcularly 1mportant in the - production of

transgenlc an:mals from E.8. cells (*"Embryonic Stem :

Cells') since a 51gn1flcant proportion of ¢enes
remains inactive until a more advanced stage of the
development of the animal. The HOXC8 gene (also known
under the name of Hox-3.1) is an example of this type
of gene. Moreover, if the coding sequence codes for an
easily detectable protein, for example B8-~Gal, the
development of the transcription template of the
replaced endogenous gene can be followed., The PGN
vector is an example of this type of construction.

In another embodiment of the invention,  the

-1nsert10n DNA can carxy a foreign régulatory sequence.

35

The site of insertion and, conscquently, the flanking
sequences are chosen in relation with the desired aim,
that is either the insertion of the foreign regulatory

R
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honol ogous recombi nation could be well adapted to the insertion of other
het er ol ogous genes which are of significant size. The invention is also

al med at the application of the process of replacenment or {pagikf9HEET HAS BEEN
insertion for genic therapy. In view of the possibility of [nodi f REFIACHDE

genone of an animal, the process of the i nvehti on can thus ‘atsobe USed as
"gene therapy". The nobst obvi ous

sequence to give an effect of ““double promoter'! with
the endogenous regulatory sequence, ox the replacement
of an endogenous promoter by the foreign promqper. The
coding sequence which comes under the control of the
.5 regulatory sequence can he endogenous. | .

Another possibility can be the targeted 1nsertion
of a foreign DNA which carries both a regulatory
sequence and a coding sequence. It is possible that the
regulatory sequence can be that which is naturally

10 associated with the coding scquence.

The process of the invention activates a vector
containing two " flanking'' seguences on either side of
the foreign gene. These flanking sequences have at
least 150 base pairs and are.preferably inferior to the

15 length of the receiver gene. It is essential that these
two flanking scquences be homologous to the two genomio
sequences which are Immediately adjacent to the desired
insertion site. The flanking sequence of the vector
which is located upstream of the foreign gene to be

20 introduced is normally homologous to the denonic
sequence which is located at the 5' end of the
‘insertion site. In the same way, the flanking sequence
of the vector located downstream of the forelgn gene is
normally homologous to the genomic sequence which is

25 1located at the 3' end of the site of insertion.

It 1is possible to introduce °'intercalated!!
sequences between either one of the flanking sequences
and the foreign gene, for example sequences permitting
the selection 'of transformants, markers, sequences

30 permitting cloning of the vector etc.

The position of these intercalated sequences with

' respect to the forelgn gene must howeVEr be chosen so
ag not to hinder the expression of -the foreiqn gene, in
particular the coding sequence of the foreign DNA undex

35 the control of the endogenous promoter or, inversely,
the coding sequence of the endogenous DNA under the

Sheet Has Been Replaced

-



SUTHARNN-F_ASSERRUD FHA: 29~ 17a00UcJY i
utildzations woul d consist in inactivating the genes of rece

or infectious agents (viruses or bacteria). If this nutag=naa;SH$EbHé%B?5N
he lethal, it woul d be necessary to re-establish the | ost{functREPRAGE®hout. !
re- establlshlng the sensitivity to the harnful agents. A nmoditied gene
coding for such a receptor could be reintroduced into the nutated cell, as
long as the nodification can be provokﬁﬁ by honol ogous reconblnatlon.
This nodification of the genetic

control of foreign elements of regulation carried by
the insertion sequence.

Despite the presence of flanking sequences, which
encouraqges homologous recombination, it is 5ossib1e

5 that a certain ‘number ' of integrations take place at.
random. In order to verify that the targeted insertion
has actually taken place in the targeted site and not
in another place, the technigue ©of "Polymerase Chain
Reaction''. (P.C.R.) (see Ref. 10) is used to amplify

10 the DNA sequence of the locus where the insertion takes
place, or should take place. In this way, only the
clones transformed following a homologous recombination
are selected. i
The flanking sedquences of the vector are
15 evidently chosen in relation to the desired site of
insertion so that homologous recombination can take
place. Thus the flanking sequences can carry duplicated
sequences of the endogenous promoter and/or
modifications to the sequences which precede the
20 initiation codon to raise the translation level
(upstream sequences) and duplicated sequence "of the
termination sequences particularly of the sites of
polyadenylation {(downstream sequences).

The insertion gene can be any gene of interest.

25 One will cite as non-limiting examples the gene LacZ
(as in the model described below), the genes coding for
interleukin or intérferon, receptor genes for example
of retinoic acid or beta-3 adrenergic or H.I.V., and
genes known to be linked with certain diseases

30 example myopathy etc.

The eucaryotic cells. transformed by the process'
of the inventlon are _also included in the present
application.

In a preferred embod;ment of the invention, the

3; eucaryotic cells are embryonic cell lines (sec Ref, 14

, for

and 15). - : —_—
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char.acter would confer on the aninmal an immunity agai nst the di sease under
consi deration. This protocol can also intervene in the framework of

ol O

auto-grafting. Cells, sick or healthy, taken froma patie ~—e-otH-¢d e
treated and inmmunized, then reinplanteq% ack into the slamdiSi iHEY; HARBEEN
The technique of the invention is also suitable for studi f IAQEQ;ntv

of pharnmaceutical products

In fact, a mutated E.S. cell can be injected into
an early embryo which, after reimplantation, can be
born under a chimeric form. If the germ ‘}ine is
colonized by the mutated cell, the chimeric aniwal will

5 transmit the mutation to its progeny. After this, it

" - will be possible to observe the effects of this
mutation, in the homozygous state in some individuvals,
on their  development, their  behaviour, their
metabolism, their pathology eto.

10 Figure 1 shows the pGN plasmid, which is part of
the invention.

Figures 2a and 2b show the molecules pGMA and
pGMD respectively constructed from the pGN plasmid in
relation to the gene HOXC8 (Hox-3.,1). These plasmids

15 are mutagenesis plasmids. The two parts of the coding
sequence of the gene HOXC8 (Hox-3.l1l) are represcnted,
on chromoscome 15, with the "““homeo!'! box in black. The
corresponding sequences of HOXC8 (Hox-3,1) have been
cloned in the pGN plasnid.

20 (A: signal of polyadenylation; Enh/Pro: enhancer-

 promoter). - | S |
' 07 and 08 show the two oligonucleotides used in
the PCR.

Figures 3 to 6 show the plasmids used in the

25 construction of the pGN.

Figure 7 illustrates the detection of homologous
recombination by the Polymerase Chain Reaction (P.C.R.)
technigue on the transfected E.S. cells.

Figures 8a and 8b show Southern analyses of

30 positive individual clones (L5 and F2) and E.S. cells
(C.C.E.). _ _ o

"~ The process of the invention has a very wide
industrial applicability and can vary according to the
nature of the foreign gene introduced, for example for

35 the production of transgenic animals.
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16 -presuned to have an activity with regard to products of ew&gesskgn_oi,g__-
pat hol ogi cal gene linked to a disease. In this case, the inge ISoYHEFaTHAS BEEN
constituted by the pathol ogi cal gene or a fragment of it, arid—aneREPLACED

adm nisters to the transgenic animal the pp@rnaceutical product to be —
tested wth a viewto evaluating its

The genetics of mammals will progress
considerably in view of the recent possibility of
specifically mutating any gene, thus making it possible
to define its role more accurately. Through this

5 technology which’invdlvas homolégous recomhinatioan ang
E.5, celié, valuable information will be cbtained on
oncogenes, growth factors, transcription factors etc.,
genes which c¢oncern very actual subjects both in
fundamental research and in applied research. An

10 important outcome for medical research is the
possibility of reproducing a human disease whose
genetic determination is known (certain pathological
human diseases, such as the myopathy of Duchesne) so as
to study its mechanisms better and search for a
15 therapy.

By applying the process of the invention, a gene
known t¢ he responsible for a certain dQisease is
inserted in a targeted manner into the gencme of an
E.S5. cell. The transgenic animal which results from

20 this process presents a useful model of the disease.

' If necessary, -and -as described above, normal
genetic functions can be significantly maintained,
despite the insertion of the foreign gene.

“Ancther application of the process .of the

25 invention is the genetic marking of animals. This
application consists in inserting an insertion gene
which is easily detectable e.g. the LacZ gene which can
then play the role of & cell marker. In this way,
filiation studies e.g. in competition animals are

30 facilitated, and the breed can be followed up.

Insertion of the LacZ gene.as insertion gene also
makes promoter studies possible.  In view of the
possibility of identifying the - activity of &4-
galactosidase, the activity and specifiCityu of

35 different endogenous promoters can be studied by
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acti.on on the disease. The invention will be illustrated by referring to

the pGN plasmid and its utilization in the targeted O i rfsenfsi SHEE?THAS BEEN
foreign gene (LacZ——cuoding for the enzyne [err]-gal actjosi darerigicHp

Coli) in the genome of a nouse E.S. cell. The gene LacZ waS CNOSEM DECAUSE
of the fact that its expression can easily be detected and is used S|nply
to denonstrate the feasiblity of the techni que.

15

targeting different sites in the same type or different
types of cells. The same studies could be carried out
on an entire organism, during development or, at the
adult stage, by using the techniques of chlmeric or -

5 transgenic animals.

The inventoxrs have observed in a surprising
manner that the frequency of homologous recombination
is not affected by the insertion of fragments of
significant size, for example LacZ. This observation

1¢ has suggested to the inventors that the techhique of
homologous recombination could be well adapted to the
insertion of other heterologous genes vhich are of
significant size.,

The invention is also aimed at the application of

15 the process of replacement or specific insertion for
genic therapy. _

In view of the possibility of modifying the
genome of an animal, the process of the invention can
thus also be used as '‘gene therapy''. The most obvious -

20 .utlliratlons would consist in inactivating the genes of

' receptors of toxic or infectious agents (viruscs or
bacteria). If this mutagenesis proved to be lethal, it
would be necessary to re-establish the lost function
without re-establishing the sensitivity to the harmful

25 agents. A modified gene coding for such a receptor
could be reintroduced into the mutated cell, as long as
“the modification can be provoked by homologous
recombination. This modification of the genetic
character would confer on the animal an immunity
30 agalnst the disease under consideration.

- - This protocol can also intervene in the framework
of auto~graft1ng, Cells, sick or healthy, taken from a
patiént, could be treated and immunized, then
reimplanted back into the same individual.

35 The technigue of the invention is also suitable
for studies of the activity of pharmaceutical products

e
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The  coding frame of the enzyme [err]-gal act osi dase of E. - 3
t-3057), fused with a genom c sequence (7292-3) of the nuy @%‘?@'W@EN
(Hox.3-1) (Ref. 1) begins with the initiation codon of t PLACED act

the sequence which precedes the initiation, godon of HOXC8 (Hox.-3.1) is

I dentical to the consensus sequence observed in vertebrates (Ref.2), thus
allowing a better translation rate of [err]-gal actosidase into the cells of
vertebrates. The gene LacZ is followed by a signal of

presumed to have an activity with vegard to products of
expression of a pathological gene linked to a disease.
In this case, the insertion gene is constituted by the
pathological gene or a fragment of it, ;nd one
5 administers to the transgenic animal the pharmaceutical
product to be tested with a view to evaluating its
action on the disease.
The invention will be illustrated by referring to
the pGN plasmid and its utilization in the targeted
10 insertion of a foreign gene (LacZ, coding £for the
enzyme fA~galactosidase of E. Coli) in the genome of a
mouse E.S. cell. The gene LacZz was chosen bhecause of
the fact that its expression can easily be detected and
is used simply to demonstrate the feasibiity of the
15 techhnique.
The coding frame of the enzyme B-galactosidase of
E. Coli (LacZ; 1-3057), fused with a genomic sequence
(7292~3) of the murine gene HOXC8 (Hox.3-1) (Ref. 1)
begins with the initiation codon of this gene. In fact,
20 the sequence which precedes the initiation codon of
HOXC8. (Hox.-s 1) is identical to the consensus sequence
* observed in vertebrates {Ref.2), thus allowing a better
translation rate of B-galactosidase into the cells of
vertebrates. The genc LacZ is followed by a signal of
25 polyadenylation for example of the virus SV 40, like
most of the eucaryotic genes, so as to stabilize the
messenger RNAs,
The activity of B-—galactosidase of E. Coli, which
is functional in the eucaryotic cells, can be detected
30 in different manners, Cells expressing the LacZz gene
take on a blue colou_rfi_ng, after fixation, in the
presence of X-Gal, _-whi__ch" is a substrate of B-
g'al'acto'.asidase {Ref. 3. A new substrate, FDG
{fluorescein di-f-galactopyranoside), makes it possible
35 to detect and to dose the B-gal activity, while still
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pokyadenyl ation for exanpl e of the virus SV 40, like nost |ofumsiseEeYGRISYSEaE
genes, so as to stabilize the messenger RNAs. The activity of REPLACED
[err]-gal actosidase of E. Coli, which is functional in the eucaryotic
cells, can be detected in different manners. Cells expressing the LacZ gene
take on a blue colouring, after fixation, ¥h the presence of X-Gl, which

Is a substrate of [err]- gal act osi dase (Ref. 3). A new substrate,
FDG

keeping the cells alive (Ref. 4). The cells expressing
LacZz accumulate a fluorescent product and c¢an be
isolated with the ald of a cell sorter oxr FACS
(fluorescence-activated cell sorter). T ,
5 The transcription unit of the gene . with
" resistance to neomycin comes, to a large extent, from
the plasmid pRSV neo (Ref, 5). The LTR (long terminal
repeat) of the virus of Rous-sarcoma provides very
powerful activating and promoting sequences in numerous
10 eucaryotic cells (Ref. 6). From the bacterial
transposon Tn5 comes a promoter active in E. Ceoli and
the coding phase of the enzyme phosphotransferase (Ref.
7), which is followed by the polyadenylation signal of
the virus SV 40. The same gene, under the double
15 ocontrol of promoters RSV and Tn5 can confer resistance
to neomycin or kanamycin to bacteria and resistance to
G418 to eucaryotic cells.

Through the effect of a simple single mutation,

uanit B of the activating (enhancer) sequences of the

20 strain PyEC ¥Fg.1 of the Polyoma virus has become much

. more active in different types’ of cells, and in

particular in the cells of .embryonic carcinoma (EC)

(Ref.8). Two cdpies of this enhancer Py F9.1 have been

inserted in tandem in the pGN plasmid, upstream of the

25 LTR-RSV, and in the ""late promoter"! orientation of
the regulatory region of the Polyoma.

In order to improve the translation rate of
phosphotransferase,  the sequence preceding the
initiation codon was modified during a mutagenesis by

30 oligonucleotide. Thus the sequence T T C 6 C A U ¢
‘became G C A ¢ C A U_G, corresponding much better to
the consensus sequence of-the:initiationlbf translation
in vertlebrates (Ref.2).

The improvements made to the transcrlptlon unit

35 of the gene of resistance to neomycin could be

estimated by transfecting embryonic cell stfiiff_jfﬁﬂ,,,g.ﬂ.,,,
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(flruorescein di-[err]-gal actopyranosi de), nakes it possible
to dose the [err]-gal activity, while still 17 keeping t NETHI®ISHEERHAYQEEn
(Ref. 4). The cells expressing LacZ accunulate a fluorescent. Rr OREPLABRY
can be isolated with the aid of a cell sorfger or FACS

of mice. With equal molarity in plasmid, a construction
- with the enhancer Py F9.1 produced 7.5 times more

clones resistant to 6418 than pRSV neo and 2 to 3 times
more than the pMCl neo described by capecchi' et al.

5 (Ref. 13). Again, the number of clones _waé raised by
60x, that is 450x compared with pRSV neo, by modifyirig
the soaquence of initiation of translation. Homologous
recombination may be a fairly rare event, according te
the experimental conditions applied (e.qg. 1/1000 for

10 HPRT, Ref, 13). A vector prescnting a high selection
efficiency is thus very useful, especially since the
conditions of electropdration result mainly in the
integration of a single copy.

Moreover, the pGN plasmid contains an origin of

15 bacterial replication of the type colEl, pBR322, which
allowas cloning and preparations in E. Coldi.

Pinally, a wmultiple cloning site (M.C.8.),
synthesized in vitro, which only contains unique
restriction sites in pGN, was inserted upstream of

20 LacZ, so as to facllltate the utilizations of this
plasmid. : _ _ .
The plasmid *flanking'' sequences which provoke

homologous recombination are added to the extrenmities
of the pGN plasmid after linearization of the plasmid
25 upstream from LacZ, by an MCS site (see Fig. 2). In
this case, the flanking seduences chosen are homologous
to the chromosome scquences taken from HOXC8 (Hox-=3.1)
which intervene later in the homologous recombination,

Figure 2 provides the location of the molecule

30 built from the pGN plasmid with respect to the gene
HOXC8 (Hox-3.1). In this case, recombination between
the plasmid and chromosomal sequences of HOXC8 (Hox-
3.1) would result in an insertion at the beginning of
the coding phase of this gene, thus in its total

35 1nact1vat),on. '
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(flruorescence-activated cell sorter). 5 The transcription unit of

the gene wth resistance to neonycin cones, to a large extent, fromdthe
pl asm d pRSV neo (Ref. 5). The LTR (long terminal repeat) ofTHI$SHBET H4S HEEN
Rous-sarcoma provi des very powerful activatéd ng and pronoti ig secREPRAEED| n

nunerous 0 eucaryotic cells (Ref. 6). From the bacterral
transposon Tn5 cones a pronoter active in E. Coli and the codi ng phase of
t he enzyne phosphotransferase (Ref.

10

15

20

25

30

The pGN plasmid conprises several advantages for
this methodology, which is applicable to any gene. As
the event of homologous recombination can be fairly
rare (of the order of 1 per 1000 non-hoﬁologous
integrations), it is necessary to be able to analyze a

- large number of clones whosc resistance to G418 is

sufficiently strong to be expressed in any part of the
genome, The modifications made to the transcription
unit of phophotransferase answer these problems
perfectly. The method of mutagenesis by homologous
recombination is equivalent to inactivating a gene by
an insertion or a substitution, but the péN plasmid
presents the supplementary advantage of heing able to
substitute the expression of S-galactosidase to that of
the mutated gene, Finally, the MC6 facilitates the
cloning of genetic fragments.
EXAMPLES:
I - construction of the_pGN plasmid

The intermediate plasmids are numbered according
to their stage.

i1st stage: ) S
‘Insertion of a Xho I site in the Bgl I site of
PRSV neq

Insertion of a Xho I linker in the Bgl I site of
pPRSV neo, filled by the Klenow fragment of the DNA
polymerase of E., Coli. | |
2nd_stage:

Insertion of a Cla_I gite in the Nde I site of
the pl plasmid

Insertion of a Cla I linker in the Nde I site of

pl, filled by Klenow polymerase.
3rd stage:

'Ingertion of Px_F2L1 enhancer in the CIa I site
of the p2 plasmid

This Sheet Has Been Replaced
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?P‘M which is foll owed by the pol yadenyl ati on signal of the—H+as—~S\M—40
under the double 5 control of pronoters SUHENSHEFTSHAS BEE
confer resistance to neomycin or kanamycin to bacteria and_resi SEBRAEER o
(418 to eucaryotic cells. Through the effegd of a sinple single nutation,
unit [err] of the activating (enhancer) sequences of the strain PyEC P9.1

The sane gene,

']

of the Polyoma virus has becone nuch nore active in different types of

cells, and in

10

15

20

- 28

30

Insertion of enhancer Py F9.,1 Pvu II-Pvu IX
jsolated by a unique Acc I site, in the Cla I site of
p2. Selection of a c¢lone containing two enhancers
oriented in the direction ''late promoter't.

. 4th stagg.

Deletion _S_r_na__I:ﬂna of the p3 plasmid

The two enzymes, presenting “‘blunt end"!
extremities can be bonded directly. This deletion
removes the intron of the t antigen of 8V 40, which is
not very useful, and reduces appreciably the size of
the transcription unit of phosphotransferase.
5th stage: _

Insertion of a Xho I site in the Bam HI site of
pCH11Q

Insertion of a Xho I linker in the Bam HI site of
plasmid@ pCH 2110 (Pharmacia), filled by the Klenow
polymerase,
&th stade:

Insertion of 3' TLacZ-polyA SV 40 in the_p4
plasnid | _ |

The 3' end of the - coding = phase of 8-
galddtosidase,"' followed by the signal of
polyadenylation of the virus 8V 40 is isolated from the
p5 plasmid through sites Xho I-Aat II and ¢loned in the
p4 plasmid through the same sites.
7th stage:

Insertion of 5' LacZ in the KS-vector

The 5' end of the coding phase of B~galactosidase
is isolated from plasmid pMC 1871 (Pharmacia) through
the sites Pst I-Sac I and cloned in the vector Ks~
(Stratagene) throuqh the same sites.
8th staget '

Pusion of a_g_nomlgnggq_ence HOXCB (_gx— 1) with
5' LacZ
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particular in the cells of enmbryonic carcinoma (EC) (Ref.8). Two copies of
this enhancer Py F9.1 have been inserted in tandemin the| mfRs ]
upstreamof the LTR-RSV, and in the " |late promoter” or} entatRgp, l)Pﬁ@“
regul atory region of the Polyoma. In order2to inprove the tramstat~eh—tat.e

of phosphot ransferase, t he sequence pr ecedi ng the initiation codon
was nodi fied during a nutagenesis by oligonucl eotide. Thus the sequence T T
CCCAUG

A genomic sequence of the gene HOXC8 (Hox-3.1),
cloned in the vector K8-, is purified by successive
digesting with the enzyme Sac I, then with the Mung
bean huclease and finally with the enzyme Apa‘i. This

5 insert is fused with the 5' end of the ceding phase of
' B-galactosidase by cloning in the p7 plasmid digested
by Apa I-Sma I. The protein thus fused contains the
initiation codon of the translation of the gene HOXCS8
(Hox-3.1) followed by the coding phase of B~

10 galactosidasc (then verified by sequencing).

Met Ber Ser Ile Pro @Gly asp Pro
CCAGC AT@ AGC TCC ATT CCC GGG GAT CCC
GGTCG TAC TCG AGH TAA GGG CCC CTA GGG
U Bac 1
15 CCAGC ATG AGC T Y sma 1
GGETCE TAQ
| U Mung bean nuclease
CCAGC ATG GGG GAT CCC
GETCA TAC = . CCC CTG Gas
20 © . Met’ @ly Asp Pro .

CCAGC ATG GGG GAT CCO
GGTCE TAC CCC CTA GGG

9th stage:
25 Insertion of HOXCS __(_H0x~3 .1)~5' LacZ in_the pé6
plasmid |
' The fusion HOXCB (Hox-3,1)-5' LacZ is isolated
from the p8 plasmid through the sites Apa I-Sac® and
cloned in the pé6 plasmid through the same sites. The
30 effect of this cloning is to reconstitute the cod1ng~
. phasc of B-galact051dase in its totality.
'1_;g_stage- :

CRR N b T Sk A A T
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becaie GC A C C A UG correspondi ng nuch better to the consensus sequence

of the initiation of translation in vertebrates (Ref.?2)

be estimated by transfecting enbryonic cel B2strai ns (ES)

: S . . o) The
made to the transcription unit of the gene of resistance to czfﬁE'EHGBCBEEN

|8

The gene of resistance to neomycin (bacterial
promoter and coding phase of phosphotransferase) is
isolated in the pRSV neo through the sites Hind III-Eeo
RI and c¢loned in the vector KS+ (Stratagene)., "

5 1lth stage:

. Mutaqenesis of the imtiatmn scquence of Neo- in

pl0

The sequence of the initiation of translation of
phosphotransferase is modified to be identical to the

10 consensus sequence observed in vertebrates and thus to
allow a higher level of initiation of translation and
therefore an increased resistance to G418 for the cells

of mammals. The modification also creates a Apa LI site
which makes it possible to control the efficiency of

15 the mutagenesis.

Apa Ll
GTTTCGCATG = GTGCACCATE
20 An oligonucleotide (CTTGITCAATCATGEIGCACGATCCTCA)

comprlsing a reg;.on of m1spa1r1ng with the sequence of
PRSV neo (underhned) ‘is synthesized {Gene Assenbler,
Pharmacia) then phosphorylated by the polynucleotide
kinase of the T4 bacteriophage. A single strand
25 template of the pl0 plasmid is prepared with the £1
origin of the KsS+ plasmid and hybridized with the
mutagenesis oligonucleotide. The second strand is
gynthesized and repaired by the Klenow polymerase and
the DNA ligase of the 14 bacteriophage. After
30 transformation of bacteria, the mutated clones are
scrcened with the aid of the oligonucleotide marked
. with 32p, -Thel'.mutagones-is was verified by digesting

‘with 'Apa LT and also b_y sequencing.-
12th stage:

—_—
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18-of m ce.

enhancer Py F9.1 produced 7.5 tines nore clones resistant gﬁgg‘
pRSV neo and 2 to 3 tinmes nore than the pMCl neo descri bed 'hﬂéa %g&ﬁEEN

al. 5 (Ref.

13).

Wth equal nolarity in plasmd, a construction with the

Agai n, the nunber of clongg was raised by “66%

450x conpared with pRSV neo, by nodifying the sequence of |n|t|at|on of
transl ation.

according to

i0

15

20

25

30

35

Honol ogous reconbi nation may be a fairly rare event,

Replacement of the initiation sequence in the po
plasmid

A fragment containing the modified sequence of
initiation of translation of the gene of resisfance to
neomycin is isolated from the pll plasmid through the
enzymes Hind 'III?Eag I and cloned in the po plasmid'
through the same sites.
13th staqge:

Insertion of the multiple cloning site in the pl2
plasnid

Two complementary oligonucleotides are
synthesized (Gene Assenmbler, Pharmacia) then
phosphorylated. After pairing, the MCS is cloned in the
gites Apa I-Sac II of the pl2 plasmid through its
sticky ends,

¥mal Asp 718 Xmnl
Apalfmal Konl _Xbal = Nsil _ _ Sacll
5¢ QCCCCEGGGGTACCTCTAGAATGCATTCCGS 3!
3! CCGGGGGECCCCCATGGAGATCTTACGTAAGG §?

The multiple cloning site was also verified by
sequencing.

I - Addition _Jgt____ilgnk;gg_*__ggggnces at _ the
extremjties of the linearized pgN plasmid upstream from
LacZ' by an M.C.8. site

The flanking sequences used were chosen in
relation to the desired site of insertion (for example,
HOXC8 (Hox-3.l1), see Fig. 2a and 2b pGMA and pGMD).

In the construction of the mutagenesis plasmid
pGMD, two fragments of DNA homologous to the locus
HOXC8 (Hox-3.1) were'clonéd at the sites Apa.I-ﬁsi I
and Nsi I-Ssac II of the pGN vector. The 5! fragment
begins at the site Sac II (CCGCGG) at nucleotide 219 of
the DNAc c¢21 of HOXC8 (Hox-3.1). This fragment extends
over 6.8 kb in 5' up to the first BamHI site. The 3!
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the experinental conditions applied (e.g. 1/1000 for HPRT, Ref. 13). A

vect or presentlng a high selection efficiency is thus ver 11>

especially since the conditions of electroporation result HBIH# nHﬁﬁéEEN
i nt.egration of a single copy. Mdreover, thgetpGN plasmd ¢ i n
of bacterial replication of the type col El, pBR322, which allows clonlng
and preparations in E. Coli. Finally, a multiple cloning site
(MCS.),

fragment begins at the site Apa 1 (GGGCCC) at
nucleotide 885 of the ¢DNA c21. This fragment extends
over 1.5 kb in 3' up to the first PstI site. A NsiI
linker was inserted in the BamHl site of the 5!
5 fragment and in the Pstl site of the 3' fragment. The
&' and 3" fragments were cloned in the pGN vector in
the sites Nsi I-Sac II and Apa I-Nsi I, respectively.
The sequence of the cDNA of HOXC8 (Hox-3.l) c21 has
been published (Ref. 1}.

10 The wutagenesis plasmid is linearized by
digesting with Nsi I before electroporation of E.S.
cells. Its extremities are formed by the two genomic
fragments cloned at the sites Apa I-Nsi I and Nsi I-B8ac
ITI of the pGN vector.

15 The pGMD plasmid does not present any signal of
polyadenylation after the gene of resistance but, on
the other hand, presents a sequence rich in AU
responsible for selective degradation of mRNA, inserted
in the sequence of the intron of HOXC8 (Hox-3.1) of the

20 plasnmid. _

Another ‘mutagenesis plasmid,-pGMA; préSents’the
same . structure as PGMD but contains the signals of
polyadenylation and of termination of transcription of
8V40 and does not present the AU sequence of

25 degradation of mRNA downstream from the gene NeoR. The
aim of theése modificatlions was to reduce the level of
trasncripts of NeoR in clones resulting from random -
integration. On the other hand, clones resulting fronm
homologous recombination events between pGMD and a

30 locus HOXC8 (Hox-3.l1) should have an unaltered growth
during the selection at G418, the AT sequence of
degradation of mRNA being eliminated by the process of

| recombination itself, or spliced with the intron HOXCS
(Hox=-3.1). '
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synt Hesi zed in vitro, which only contains unique restriction
was inserted upstreamof LacZ, so as to facilitate the util
plrasm d. The plasmd "flanking" sequences which provoke ho
reconbi nati on are added to the extremties2sf the pGN plasmd after
| i neari zation of the plasm d upstreamfrom LacZ, by an MS site (see Fig.
2). In this case, the flanking sequences chosen are honol ogous

In the experimental stages which follow, the
protocol described by Thompson et al. 1989, was
followed for the production of chimeric animals.

ITI - Transfection of embryonic mouse cells v
5 The method described by Thompson et al. 1989, was

used to transfect embryonic mouse cells. Utilization of

the technique of electroporation ensures  the

introduction of a single copy of the foreign gene

(LacZ) per cell. After transfection, several clones
10 expressing B-galactosidase were isolated.

The mutagenesis plasmids peMD and pGMA were
linearized and introduced by electroporation into E.S.
cells in order to favor the insertion of only onhe copy
in the genome (Ref. 11).

15 The initial transfections were carried out to
compare the targeting efficiency of the HOXCS (Hox~3.,1)
of the plasmids pGMA and pGMD (see table I}.

—— - o —— — . —— — —— — .

Homologous recombination in the gene HOXCS8
20 (Hox-3.1)

" Exp. Plasmid = No. of ‘No. clones ~ No.of
of muta~- group forming the positive PCR
_ genesis analysed group results
25 I PGMA 3 600 0(2)
II PGMD 5 - 250 3(5)
ITT pGMD 84 2-3 5(5)
30 Table I

The E.S. cell line TC.C.E. ' (Ref. 16) was
ma1ntained in a contlnuous manner oh flbroblast feeding
layers (Ref. 17). For experiments I and II, 1.5 x 107
E.S. cells in 1.5 ml HeBS were electroporated (Ref. 11)

'35 at 200 V, with 4o0mg of linearized plasmid, and then
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tao the chronmpsone sequences taken from HOXC8 (Hox-3.1) which i ?ﬁﬁAﬁuuL_________
| ater in the honol ogous reconbi nation. Figure 2 provides the | J&S SHEEN Hag BEEN
the nmolecule built fromthe pGN plasmd with respect to the ge‘%
(Hox-3.1). In this case, reconbination bet®éen the plasm d and chronpso :
sequences of HOXC8 (Hox- 3.1) would result in an insertion at the beginning

of the coding phase of this gene, thus in its total inactivation.

spread over four culture trays (diameter 100 mm). For
experiment III, the shock was carried out under the
same conditions but a quarter of the cells were spread
over four 24-well plates., The next day, 250 ugfml'l of
5 G418 were added. Each transfection produced about 2400
clones with pGMA and about 1000 clones with pGND.
The average number of oclones of E.S. cells
resistant to G418 in each group is indicated in table
I, as well as the number of groups giving a positive
10 result with the P.C.R. technique. A positive result
means that a band of 1.6 kb could be observed on an
agarose gel coloured with ethidium bromide {see Fig.
7). The number of groups giving a positive signal after
a Southern analysis of the P.C,R. mixture and
15  hybridization of a specific probe which  does not
contain the primer scquences is indicated between
brackets (Fig. 8).
Detection of homologous recombination with P.C.R.
P.C.R. was carried out on 105 cells of a group of
20 250 clones of transfection II (sec lane D of Figure 7).
-In the other 1anes, four groups of transfection III
were analysed together by mixing about 4 x 5000 cells,
The primers 07 and 08 used in the P.C.R. surround the
sequence 3'HOXC8 (Hox-3.1) of the mutagenesis plasmid
25 (Fig. 2). The fragment of 1.6 Kb covering this 3¢
sequence cannot be amplified except in the case of
homologous recombination. Lanes 2, 3 and D illustrate
these positive results.
The DNA of E.S. ¢lones was prepared at the moment
30 of replica on filter by utilizing the method "“'boiling-
proteinase K dlgestion b01ling" (Ref. 18). 40
amplification cycles (40 seconds at 947¢, 1 minute at
60°C, 7 minutes at 72°C) were carpled out in a reaction
mixture of 100 ul, containing 67 mM Tris-Hel (pH 8.6),
35 16.7 =M  (NH,),80,, 6.7 mM MgCL,, 10 mM 2-
mercaptoethanol, 0.01% (p/v) gelatine, 200 uM GATP,
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19 'The pGN plasm d conpri ses several advantages for this netph oey-—uhi ch

I's applicable to any gene.

necessary to be able to anal yze a

10

15

20

25

30

35

dTTP and &CTP, 100pM dGTP, 100 pgM 7-deaza AGT, 600 ng
of each primer (07: AACTTCCCTCTCTGCTATTC and 08:
CACGCAGAAACATACAAGCTG)} and 3U polymerase Tag (Perkin
Elmer Cetus), covered by 100 gl paraffin. Half of the

reaction mixture was applied on an agarose gel 0.7%

coloured with ethidium bromide. The main marker is an
Eco RI + Hind III digest of lambda DNA.

§outhérn analyses

Three independent clones of E.S. cells containing
the mutated HOXC8 (Hox-3.1) (identified by P.C.R.) were
isolated from positive dgroups using pipettes. Their DNA
was examined by Southern analysis after digestion with
the restriction enzymes indicated in Figure 8, so as to
confirm the specific targeting and to make the
distinction between recombined and wild-type loci, Two
different probes were used in the analysis of the 3!
end of loci HOXC8 (Hox~3.1) in the mutated clones and
in the non-mutated E.S5. used as contreols (Figure 8c).
The first probe ""a'' was contained in the HOXC8 (Hox-
3,1) sequences of the mutagenesis plasmid and showed

the number of vector integrations and their physical
"links, One of the - three recombined <clones also

contained a copy of the plasmid integrated at random
(Fig. 8a, clone F2). The second ‘‘b'! probe which was
not in the mutagenesis vector made the distinction
between the recombined and wild-type alleles HOXCS
(Hox-3.1) (PFig. 8b). The recombined locus HOXC8 (Hox-
3.1) prescnted, with the two probes, the image of
hybridization expected from the restriction maps of the
mutagenesis vector and of the intact locus. 1In
addition, the existence of two fields of recombination

'in the 37 fragment of the vector was aonflrmed by the

presence or the absonce of the AT sequence in the
recombined locus HOXC8 (Hox~3.1), (for example Fig. 8,
clone L5). The 5' end of the locus HOXC8 (Hoc-3.l1l) was
also analyzed for a homologous recombination event.
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| ar ge nunber of clones whose resistance to G418 is sufficientl
be expressed in any part of the genonme. The nodifications madq @t
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I nactivating a gene by an insertion or a substitution,

presents the suppl enentary advantage of being able to substitute the
expression of [err]-gal actosidase to that of
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Restriction enzymes not presenting sites in the
seguence HOXC8 (Hoc-3.1) 58' of 6.8 kb of the
mutagenesis vector were utilized in the digestion of
the DNAs of recombined clones., Thesc DNAs were then

. submitted to electrophoresis in a pulsed field to

dif_ferentiat'.e'the fragments of high molecular weight. A
Southern analysis of this gel also indicated the
correctly recombined alleles and the wild-type HOXCS8
(Hoc=-3.1) alleles, using a sensor prescnting a sequence
upstream from the mutagenesis plasnid.

Southern analyses have shown that an allele of
the gene HOXC8 (Hoc-3.l) was recombined as predicted.
The homologous recombination was equivalent to a double
“*eorossing-over'' between the genomic arms of the
mutagenesis plasmid and the homologous chromosomal
sequences (Fig., 2).

In the recombinant clones, the gene LacZ% was
placed under the control of promoter and regulatory
sequences of HOXC8 (Hox~3.l1l) upstream from the AUG
codon, but the 3' signals of maturation of mRNA came

. from the §&V 40. In these recombined c¢lones, the
expression of LacZ was not detectable by colouring with

B-Gal, which is coherent with the absence of
transcription of HOXCS (Hoe=3,1) in E.S. cells
determined by analysis of RNase protection. The
activity of B-Gal could be induced in certain cells
after 3 or 4 days of culture in the presence of 5.10~7M
retinoic acid, conditions known for inducing the
transcription of HOXC8 (Hoc-3.1) (Ref. 19). '

By using the mutagenesis vector pGMA, which
presents a total homology of 8.3 Kb DNA with t.he_ locus
HOXCS (Hoc=3.1), a fragment of 120 pb was replaced by

 an insertion of 7.2 Xb. The frequency of this targeted

replacement (1/900) is comparable to that obtained
recently (1/1000) with HPRT (Ref, 13) or with En-~2
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(1/260) (Ref. 20), the heterologous fragment inserted
being nonetheless in these latter cases of a much less
significant size (1.1 and 1.5 Kb respectively). In a
surprising manner, it was noted that a verzy high
5 homologous recombination frequency (1/40) could be
' obtained with thé'pGMD vector. The elimination of 3¢
signals of maturation of mMRNA and the addition of the
sequence of degradation of mRNA to the gene of
resistance to neomyein had the effect of reducing the
10 total number of clones resistant to G418 by 2.4 (table
I). The specific targeting result Waé almost ten times
higher (900/40), The  mechanism of  homologous
recombination was probably affected in the experiments
with pGMD. A possible explanation for these results
15 could be that an AT sequence of 51 pb could provide, ig
vivo, an open loop in the mutagenesis plasmid because
of its lower fusion temperature. If the HOXCS (Hoc-3.1)
scquences close to the pGMD can be influenced by this
opening, on each side of the AT region, they could
20 react in a more efficient manner, in the single-strand
state, with the chromesomal locus Hoxce'(nac-z.i). The .
model of mitotic recombination in yeast suggests that
it could be initiated by such an exchange of strands,
even though the mechanism of homologous recombination
25 remains unknown in the more complex eucaryotcs.
Figure 8 shows the results of Southern analysis
carried out on positive individual clones (L5 and F2)
and E.S. cells (C.C.E.).
The probes used only hybridize with HOXC8 {Hoc-
30 3.1) sequences included in the vector (a) or excluded
from +the mutagenesis vector (h). The image of
. hybridization of the recomhihed Loéus HOXCs (Hbc-3;i)
(open ‘triangles) 'is"cléarly distingﬁished from the
wild-type locus (black'triangles); The stars indicate
35 the hybridization bands of a copy of the plasmid which
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‘was integrated at random, The size marker 1s a digest
‘Eco RI + Hind III of Dna lambda.

Figure 8(c) shows the restriction maps of
recombined (rec,) and wild-type (wt) HOXC8 (Hoc-3.1)
alleles, The parts of the mutagenesis vector and of the

locus HOXC8 ~ (Hoec-3.1)  are indicated by the same

synbols as those used in Flgure 2. In this case, the
sequencé AT was integrated by homologous recombination.
The vertical arrow indicates the 3' and of the
mutagencsis plasmid. The localization of probes “‘att
and ''b'* used in the Southern analysis is also
indicated. The abbreviations usged in Figure 8 are the
following: B, Bam HI; D, Dra X: E, Eco RI, H, Hind ITI;
8, 8al I; ¥, Xho I.
IV - Production of chimeric embrvog

A micro-injection was made in blastocysts with
two recombinant E.S. clones containing an intact allele
HOXC8 (Hoc-3.l1l) and a recombined allele, these clones
did not contain any other copy of the mnutagenesis
plasmid. The kariotypes of these cells were normal.

Ten to fifteen mutated cells were mlcrowln]ected,

'pcr blastocyst. After re:mplantatlon in surrogate

mothers, the embryos were taken at 9.5, 10.5 and 12.5
days p.¢. and analyzed for lacZ expression. The
transcription template of HOXC8 (Hoc-3.1) at these
stages had been determined beforehand by hybridization
analysis in situy (Ref. 1). The HOXC8 (Hoc=-3.1)
transcripts are detectable for the first time at the
stage of late gastrulation and are spread throughout
all the tissues of the posterior part of the animal.
Later, the distrihution becomes progressively limited
in space and Spelelc to the tissue. At the stage of
12.5 days p.c. the transcription is localized in the
cervical region of the neural tube, at the level of the
heart., During embryogenesis, the repartition of the

_ transcription of HOXC8 (Hoc~3.1) thus undergoes
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I nsertion of Py F9.1 enhancer the Cla | site of thel p2 plasmd 20
Insertion of enhancer Py F9.1 Pvu I|I-Pvu Il isolated by a unique Acc
| site, inthe Cal site of p2. Selection of a clone containing two
enhancers

31

modifications. The stage 10,5 days p.c. seem: to be a
period of transition, the transcription taking place
both in the two rear regions and in the cervical neural
tube, S ' T |
5 In chimeric embryos of 9,5 and 10.5 days P.C., .
the caudal part to the posterior bud presented intense
B-Gal activity, while the marker was never detected in
the anterior thoracie region or the head (Fig. 9a).
the posterior region, the cells coloured by B-Gal were
10 observed in all the tissues and all the embryonic
layers. Between the two buds which form the menmbers,
coloured cells were distributed in the restricted
zones, in the superficial ectoderm (Fig. 9bh), as in the
rear regions (Fig. 9¢) and, in straight lines or rays,
15 3n the neural tuvbe (Fig. 9b). Thesc rays showed an
irregular and asymmetric distribution on the wall of
the neural tube. The transcription of HOXC8 (Hoc-3.1)
was not detected in the thin layer of cells near the
closure of the neura) tube. Perhaps these cells did not
20 resist the treatments applied during the hybridization
- in situ. It was observed that the cells of the neural
ectoderm very soon become part of the different parts
of the nervous system and migrate in a radial
direction, following narrow lateral wmovements (Ref.
25 21). These results are thus in 1line with this
observation.

The expression of LacZ thus illustrated correctly
the first part of the transcription of the homeogene
HoxC8 (Hoc-3.1), that is to say in all the tissues of

30 the caudal regiohs of enbryos of 9.5 and 10.5 days
' p.c., and provided new information concerning the mode
of transcrlption of HOXC8 (Hoc-3.1).

On the other hand, the expression of LacZ was not
observed in the cervical regions of the neural tube of

35 <c¢himeric embryos of 12,5 days, nor in the anterior
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oriéﬁted in the direction "late pronoter”. 5 4th stage Deletion Sma. | - Hpa
| of the p3 plasmd The two enzynes, presenting "bl unt
eXtremties can be bonded directly. This deletion rer’rdjﬁéié ?{EE&EAS REEN
of the t antigen of SV 40, which is not vesgy useful, and reduces = =~

appreci ably the size of the transcription unit of phosphotransferase. 5th
st age:

region of embryos of 10.5 days; this was not the result
"expected from studies of hybridization jn situ. The
ulterior phase. of transcription of HOXC8 (Hoc-3.1)
observed from day 16.5 in the very localized zones of
5 the neural tube were not made evident by the activity
‘of 8-Gal. A possible explanation for this result could,
be that, even though the expression of LacZ was under
the control of the promoter HOXC8 (Hoc-3.1), the 3!
sequences of HOXC8 (Hoc-3.l1) are abscnt in the reporter
10 gene. It is possible that the 3' sequences of the AUG
initiation codon of HOXC8 (Hoc-3.l1) have an influence
N on the late expression of HOXC8 (Hoc-3.1) in the
anterior domain. An effect of ‘‘gene dosing!' could
also explain this result. Auto~activation of several
15 homeogenes of Prosophila was demonstrated genetically
or suggested by the formation of complexes bhetween the
DNA and the proteins of the homeoboxes,
If the late component of transcription of HOXC8S
(Hoc=-3.1) in the neural tube is maintained by a similar
20 mechanism, the inactivation of an allele could have a
dominating effect in the cells of the neural ectoderi. .
Since one allele only would produce the protein HOXCS
(Hoc-3.1), the signal of activation would be diluted on
the two promoters. The reduction of auto-inactivation
25 in the two loci could thus lead to a total interruption
of the transcription initiation. This could explain why
no expression of LacZ was detected in the cervical
region of the neural tube of embryos of 10.5 and 12.5
days.
30 Vv - Passage of the modification into the germ cell
11ne' production of transgenlc animals
The effects in Fi and in F2 of the modlflcatlon_'
brought by ‘targeted insertion wore observed after
reproduction of the chimeric animals. Passage of the
35 modification into the germ cell line was observed.

_—
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I_nsbftion of a Xho | site in the BamH site of pCH110 5 I nsertion
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the p4 plasmd The 3" end of the codiyig phase of
BIBLIOGRAPHY

1. Le Mouellig, H., Conhdamine, H., et Brilet, P.

{(1988), Gennes & Development. 2, 125-135, r
5 -+ 2. Cavenir, D.R. (1987). Nucleic Acid Res. 15,
1353-1361. - | '

3. Sanes, J.R. Rubenstein, J.L.R. and Nicolas,
J.F. (1986) EMBO J. 5, 3133-3142,
4. Nolan, G,P., Fiering, 8., Nicolas, J.F. and

10 Hertzenberg, L.A. (1988} Proc. Natl. Acad. Sci. USA
85, 2603-2607.

5. Gorman, (., Padmanabhan, R. and Howard, B.H,
(1983) . Science. 221, 661-553,
6. Gormann, C.M., Merlino, G.T., Willinghamn,

1§ M.C., Pastan, I. and Howard, B.H. (1982) Proc. Natl.
Acad. Sci. USA 79, 6777-6781.

7. Southern, P.J. and Berg, P. (1982) J. Mol.
Appl, Genet, 1, 327~341.
8. Herbomel, P., Bourachot, B. and Yaniv, M.

20  (1984). Cell. 239, 653-662.

' 9, Robert_son', EJJ;, (1987). Teratdcarcinomas and
embryonic stem cells: A practical apprdach. IRL Press,
Oxford. ' _

10. Khan, A. (1988). Medecine/Sciences 4, 515~

25 518. '

11. G. Chu, Hayakawa, H., Berg, P. (1987).
Nucleic¢ acid Rescarch 15, No. 3, 1311-1326.
‘ 12, Thompson, 8., Clarke, A.R., Pow, A.M.,
Hooper, M.L., Melton, D.W., (1989) Cell, 56, 313-321.

30 : 13, Thomas, K.R., Capecchi, M.R., (1987) Cell,
51 503-512. - o
. . 14. Evans, 'M.J.,'Kaufmann, MH (1981) Nature, .
292, 154-185, | o

15. Robertson, E.d‘., (1986) Trends in Genetics,

35 9-13,

——

h et Has Been Replaced

Ml Mk




GU Rk Lo obnriuy TN Vv 1L TLVVIV IV

gal act osi dase,

the virus SV 40 is isolated fromthe p5 plasnid through sites—Xkho
and cloned in the p4 plasnmd through the sane sites.

fol | oned by t he si gnal of pol yadenyl ati on of

/\ﬁf

I l

7th st ay&HIS SHEET HAf BEEN

of 5 LacZ in the KS vector The 5 end of 3te codi ng phase o REPLACED
[err]-gal actosidase is isolated fromplasm d pMC 1871 (Pharmaci a) through

the sites Pst

5 (IRL, Oxford, 1987). _
18, Kim, H.S. & Smithies, 0. Nuclelc Aclds. Res.
16, 8887-8903 (1988).
19, Breier, G., Bucan, M., Francke, U., Colberg-
Poley, A.M. & Gruss, P. EMBO J.5, 2209-2215 (1986).
10 20. Joyner, A.L., Skarnes, W.C. & Rossant, J.
Nature 338, 153-166 (1989).
21, McKay, R. D. G. Cell 58, 815-821 (1989).
I
et Has Been Replaced

|-Sac | and cloned in the vector KS-

16. Robertson, E., Bradley, A., Kuehn, M, &
Evans, M., Nature 323, 445-448 (1986).

17. Robertson, E.J. in Teratocarcinomas and
Embryonic 8tem Cells (ed. Robertson, E.J.) *71-112

T




GUTHANH-PLASSERAUD FHRS 9=i=asbbuesy T

(Hox-3.1) with 5 LacZ 21 A genomi c sequence of the genel RIS BHEET HAS BLiN

(Stratagene) through the sane sites. Fusion of a genom c seguence HOXC38
(Hox-3.1), cloned in the vector KS-, is purified by successive REPLACED

A

CLATMS

1. Transgenic or chimeric animal comprising cells
whose genome comprises: : . _

- a heterologous DNA, called insertion DNA, and-
being constituted by the totality of a gene or by a

5 part of a gene;

- the insertion DNA being positioned in the
genome in relationship to an endogenous gene, called
the receiver gene, comprising a complementary DNA, in
such a way that the insertion DNA or the complementary

10 DNA is rendered functional, or its functioning is
rendered more efficient due to the association ¢of the
insertion DNA and the complementary DNA.

2. Animal according to claim 1, characterized in
that the insertion DNA contains either a coding

15 seguence, vwhose expression takes place under the
control of regulatory sequences of the receiver gene,
or a regulatory sequence permitting the expression of a
coding sequence- of the recelver gene,

3. Animal accordlng to claim 2, characterlzed in

20 that the inscrtion DNA is constituted by a c¢oding
sequence other than the coding sequence of a gene
coding for a selection agent.

4. Animal according to claim 1, characterized in
that the insertion DNA comprises the totality of a

25 gene, s

5. Animal as claimed in any one of the preceding
- elaims characterized in that the receiver gene is a

gene which normally is not transcrlbed in the cell.
_ 6. Animal as claimed in any one of the preceding-
30 claims characterized in that the. receiver gene is
inactlvated following the insertion of the insertion
 DNa, the expression of the insertion DNA substituting

that of the receiver gene.
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digesting with the enzyne Sac |, then with the Mung bean nucl ease and
finally wth : . This 5 insert is fused with Ihﬁ?§SHg el

t he codi ng [m Hﬂﬁ““lu | act osi dase by cloning in the py p asl&?%:\ DBEEN
di gest ed byf iﬁ"m protein thus fdised contains the=tn-t+atd SK

codon of the*tré&nstathor® of the gene HOXC8 (Hox-3.1) followed by .the
codi ng phase

Ser Ser

10

15

20

25

30

of [err]- galactosidase (then verified by sequencing). Mt

Ile Pro dy Asp Pro

7. Animal as claimed in any one of the preceding
claims characterized in that the inscrtion DNA replaces
a part of the receiver gene.

8. Animal as claimed in any one of the preceding
claims c¢haracterized in that the receiver gene _15,?
apart from the presenoe of the insertion DNA, in its
natural genetic environment. |

9. Animal as claimed in any one of the preceding
c¢laims characterized in that the genome contains,
adjacent <to the  insecrtion DNa, a so-called
**intercalated!' sequence comprising for example a
sequence coding for a selection agent with a promoter
authoriging the expression of the agent of selection,
or a marker.

. 10. Transggenic animal in which a single copy of a
gene which is present in the genome in at least two
coples, has been inactivated by the insertion of a gene
which is different from the inactivated gene, the
insertion gene being ingerted in a position which
permits the expression of this gene under the control
of regulatory sequences - of the inactlvated endogenous'*
genc.

11. Animal as claimed in any one of the preceding
claims utilized for a genetic marking. _

12. Process for screcning pharmaceutical products
presumed to have an activity with regard to expression
products of a pathological gene linked to a disease,
characterized by the administration of the product to a

“transgenic animal according_to any one of the c¢laims 1
to 11, the ingertion DNA being constituted by the

pathologlcal gene or a fragment of it.

13, Nuclelc -acid obtalned from the homologous
recombination between an insertion .DNA and a receiver
gene, said nucleic acid conprising:

__________*_____~____
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QCAGC ATG _AGC TCC ATT CCC GGG GAT CCC GGICG TAC TCG AGG
TAA GGG CCC 1 5 CCAGC ATG AGCC T Sma 1

LTCC TAC ase CCAGL ATG THIS SHEET
GAT CCC GGT ”ﬁmmiﬂ/’]i 5 CCC CTG GG et fef Ab H’iﬁfﬁy

- an insertion DNA, heterologous with respect to
the receiver gene, the insertion DNA being constituted
by the totality of a gene or by a part of a gene;

- a recelver gene; v

5 - the insertion DNA being positioned in

- relationship to the recelver gene compfising a

complementary DNA in such a way that the insertion DNA

or the complementary DNA is rendered functional, or its

funotioning is rendered more efficient due to the

10 assoclation of the insertion DNA and the complementary
DNA.

14. Cell of a transgenic animal as claimed in any
one of claims 1 to 10.

i 15. Cell line issuing from a transgenic animal as
. 15 claimecd in any one of claims 1 to 10.
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CCAGC ATG GGG GAT CCC GGTCG TAC CCC CTA GGG 9th stage: Insertion of HOX8
(Hox-3.1)-5" LacZ in the p6 plasnid The fusion HOXC8 (Hox-3.1)-5' LacZ is

i solated fromthe p8 plasm d through the sites Apa |-Sacl { | I e
p6 plasm d through the sane sites. The effggt of this clonigﬂﬂgsR E%ngéééﬁﬁ
reconstitute the coding

STRACT OF THE DISCLOSURE

TRANSGENIC OR CHIMERIC ANIMAL AND PROCESS FOR
ECREENING PHARMACEUTICAL PRODUCTS

The invention relates té a transgenic or chimeric
animal carrying cells whose genome comprises:

- a heterologous DNA, called insertion DNA, and
being constituted by the totality of a gene or by a

5 part of a gene; -

- the dinsertion DNA being positioned in the
genone - in relationship to an endogenous gene, called
the receiver gene, comprising a complementdry DNA, in
such a way that the insertion DNA or the complementary

10 DNA is rendered functional, or its functioning is
rendered more efficient due to the association of the
insertion DNA and the complementary DNA.

Figure 1
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phase of [err]-galactosidase in its totality. 10th stage: In Lan_of the
gene Neo[err] in the vector KS nghe gene of resistance tloTﬂfécﬂﬁBElrmAs BEEN
(bacterial pronoter and codi ng! phas phosphot r ansf erase) ils REPLACED
pGN

Awtll 619

Qal 823~

Eeo RV 1111~

'
o 1 1ac Z: o

: coding frame for R-Galactosidase

Sacl 1936~ | :

Nde[ 2956

pPolyadenylat i.on signal of the virus
5V g0

Ort:

origin of bacterial replication

Sl 4801 Py FO.1 Enh..
: : -activating sequence of - the PyEC
_ F9 1 line of the Polyome virus

“Long Terminal Repeat” of the Rous

RindII1 5532 ~ garcoma virus *

.,n 1t 52 | n5 promoter:
;ggtf 50 6%: bacterial promoter

1_-N60!:

coding frame for Phosphotransférase

Apa] 7261
Assx;m-xgu m;\] . PatyA sv40

Bk '
lﬂnisl ;gzg/';sxi MCS MCS multlple clonage szte
Sec 11 7292 S
Figure 1! 1{near plasmia
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I solated in the pRSV neo through the sites Hind Ill-Eco RI and.cloned in

the vector KS+ (Stratagene). 11th stage: Mitagenesis of the initiation
sequence of Neo[err] in pl0 The sequence of the initiation off THREHERTIENT BEE
of phosphotransferase is nodified to be identical to the con €NS USREMQIERF € —1

observed in vertebrates and thus t@/®d |1 ow a higher |evel of initTratromof
transl ation and

locus Hox-3.1

lac z

PIGURE 2a

 Prasmid

Chromosome 15
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therefore an increased resistance to 418 for the cells of mammals. The
nodi fication also creates a Apa LI site which makes it possille to control
t he efficiency of the mutagenesis. Apa L1 GITTCGCATG

mspairing wth the sequence of pRSV neo (underlined) is synthest
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bact eri ophage. A single strand tenplate of the pl0 plasmd is prepared with
the f1 origin of the KS+ plasm d and hybridized with the nutagenesis
ol i gonucl eotide. The second strand is synthesized and repqiTas sB¥ef Ba
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A fragnment containing the nodified sequence of initiation of translation of

the gene of resistance to 5 neonycin is isolated fromthe pll pl asni

through the enzymes Hnd Ill-Eag | and cloned in the p9 pl dSfg SHEED HAS BERY
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synt hesi zed (Cene Assenbl er, Phar maci a) t hen phosphoryl at ed.
After pairing, the MCSis cloned in the sites Apa |-Sac || of the p12
plasmi d through its sticky ends. Xmal Asp 718 Xml Apal Smal  Kon
Xbal Nsi | Sacl| 5" CCCCGEGGTACCTCTAGAATGATTCACC 3" 3
CCGGGEEECCCCCATCGAGATCTTACGTAAGG 5 The mul tiple cloning site was also
verified by _
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sequencing. Il - Addition of "flanking sequences at the extremties
of .the linearized pgN plasm d upstream from LacZ' by an M-t-S—

flanki ng sequences used were chosen in relation to the de TF@HS ;”UHQEEEEN
insertion (for exanple, HOXC8 (Hox-3.1), see Fig. 2a and’

In the construction of the nutagenesis plasmd pGVD, two fragnents of DNA
honol ogous to the | ocus
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HOXCS (Hox-3.1) were cloned at the sites Apa I-Nsi | and Nsi_Il-Sac Il of

the pGN vector. The 5 fragnent begins at the site Sac || (JChgcWE)
nucl eotide 219 of the DNAc c21 of HOXC8 (Hox-3, 1). This f agmenﬁEﬁ‘);\ d%EEN

over 6. 8 kb |_n 5" up.to the first BanH site. The 3
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GUTMANN-PLASSERAUD FlidA: 33-1-42660890 21 .FEV.95 17:00 No.012 P.113
fragment begins at the site Apa 1 (GGEECCC) at nucl eotide 885 of the cDNA
c2l. This fragment extends over 1.5 kb in 3" up to the fir stl. site, A
Nsil linker was inserted inthe BanH site of the 5 ?ﬂsfﬂfmgwmnsm"r
in the Pstl site of the 3' fragnent. The 5' and 3' fragne weREPLalogped 1 n
the pGN vector in the sites Nsi I-Sac Il and Apa I-Nsi I, respectlvely e
sequence of the cDNA of HOXC8 (Hox-3.1) c21 has been published (Ref. 1).
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0 ... The mutagenesis plasmd is | i neari zed by dlgestlng W th hbl

I before el ectroporation of E.S. cells. Its extremties ar ,
two genonic fragments cloned at the sites Apa I-Nsi | and Nsi il HAS |BEER
the pGN vector. 5 The pGWD pl asm d does not present ~amy—skg APED ¢

pol yadenyl ati on after the gene of resistance but, on the other hand,
presents a sequence rich in AU responsible for selective degradation of
nMRNA, inserted
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in the sequence of the intron of HOXC8 (Hox-3.1) of the plasgige—Another .
rrutagene3| s plasmd, pGWA, presents the sane structure as pQVIDHEUSHERINEAS BEBEN
the signals of pol yadonyl ation and of term nation of transcrfpti oREBEAGEDIO
and does not present the AU sequence of degradation of nMRNA
downstream from the gene Neo[err]. The aimof these nodifications was to
reduce the level of trasncripts of Neo[err] in clones resulting fromrandom
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RANSGENIO OR CHIMERIC ANIYMAL AND PROCESS FOR SCREFNING
o, - PHARMACEUTICAL PRODUC'I‘S,

*

The present invention relates to a process for

_ specific replacement of a copy of a gene present in the

genome of a receiver eucaryotic organism by the
integration of a gené different from the inactivated
gene. The receiver gene will preferably be present in
at least 2 examples in the transfected host cell. The
receiver gene is defined as being the gene where the
insertion of the different gene will be made.

More particularly, the invention relates to the
production of transgenic animals in which the foreign
gene has been introduced in a targeted manner to allow
both the maintenance of the normal genetic functions of
the animal and the expression of the foreign gene under
the control of endogenous promoters.

By "‘different or foreign gene'! is meant any
nucleotide sequence corresponding to the totality or to
a part of a '"foreign or different!'* gene of the
receptor gene as it is found normally in the genome
(RNA or DNA), where it corresponds also to an
artificially modified sequence of the normal gene or
again to a fragment of this sequence;

The invention also concerns the process of
production of these transgenic animals,

In the produdtion of transgenic animals, the
conventional methods used for the introduction of
heterologous DNA sequences in the germ cell line do not
allow control of the site of integration of the foreign
gene in the genome, nor the number of copies thus
introduced. The integration of the foreign gene is
carried out at random and, in general, several copies
of the gene comkbine at the same time, sometimes under
~the form of a head-to-tail tandem, the site of




25 In the
by Thonpson
animals. 111

t he

3
1

expéri-mental stages which follow, the protocol descrihed

et
- Transfection of enbryonic nouse cells 5 Hre—mrettrod

descri bed by Thonpson et al. 1989, was used to transfect enbr¥ﬁ£h§Nq&§ge
cells. UWilization of the technique of , electroporatfgn re '

0

al. 1989, was followed for the producREPhACEMENTSHEET

integration and the number of copies integrated varying

from one transgenic animal to another.

It can thus happen that the endogenous cellulay
genes, situated at the point of insertion, *may be
inactivated, without this being easily detectable
because of the numerous insertions made at random. If
the product of these genes is important for the
development of the animal, this development will be
scriously disturbed. Moreover, the aleatory insertion
of the foreign gene may take place at a site which is
not appropriate for the expression of the geﬁe1 In
addition, the fact that there is a variation in the
site and in the number of insertions from animal to -
animal makes interpretation of studies of expression
extremely difficult.

A major problem encountered in the production of
transgenic animals is obtaining the expression of the
foreign gene. Generally speaking, two types of
experiment have been made on mice.

The genes introduced in the germ line are:

- either “‘complete!' genes, including coding
sequences flanked by their own regulatory sequences;

- or composite genes, formed from the coding
sequence of a gene fused with the promoter seduence of
another gene, the two fragments sometimes even
belonging to two different animal species.

It was thus possible to confirm that the
specificity of the expression of genes in such and such
a tissue is determined by their regulatory sequence(s).

The choice of the appropriate promoter for the
expression of the foréign gene in the transgenic animal
is thus of primordial importance.

Besides, the controlled mutagenesis of murine

‘genes in embryonic cell lines has recently been carried

out using a technigue of gene targeting (Thomas et al.,

1987; Thowpson et al., 1989).



i ntroduction of¢«a-single copy of the foreign gene (LacZ)’ ] %@

transfection,

several clones 0O expressing [err]-galactd

i sol ated. The nutagenesis plasm ds pGWD and pGVA were linedrized and

i ntroduced by el ectroporation into E.S. cel{s in order tq flavl9 NOV 1996
i nsertion of only one copy in.the genome (Ref. 11). 5 The initial
transfections were carried out to conpare the targeting gfficiency or U

HOXC8 (Hox- 3. 1)

BT

In the first case, the HPRT murine gene was
mutated by insertion and replacement and, in the second
case, a mutated HPRT gene was corrected. Thompson et
al. widened their experiments as far as oBtaining
chimeric mice and recorded the passage of the genetic
nodification into the germ cell line. _

- In each of the documents quoted, the precise site
of integration was targeted by homologous recombination
between, on the one hand, exogenous sequences carrying
the mutation or correction included in the vector,
under the control of an exogenous promoter and, on the
other hand, their genomic homelogue. This being so, it
must be pointed out that earlier authors have carried
out their experiments on a specific gene (HPRT) whose
activation by mutation was accompanied by a detectable
phenotype. The targeted mutation described by Thomas et
al. had the effect of inactivating the HPRT gene and,
consequently, making the detectable phenotype normally
associated with the HPRT disappear. The NeoR sclection
gcne, under the control of a TK promoter, was thus
incorporated into the insertion DNA in order to permit

the selection of transformants. It should be noted that

the experiments described in the prior art implied a
selection either by .the receiver gene (e.g. HPRT) or by
the insertion gene (e.g. NeoR), The site of insertion
and/or the type of gene inserted is thus limited to
genes conferring a . selectable character, a direct
selection. _

Besides, in the prior art, ‘the exogenous
scquences on the vector thus serve both to target the
site of integration and to introduce the modification.
Following homologous recombination, the modified gene
always finds itself in its normal genetic environment.

We should remember that a problem posed during
the production of transgenic animals is the dangef of



of the plasm ds pGVA and pGWD (see table |I). Honol ogous re
t he gene HOXC8 (Hox-3.1) Exp. Plasmd No. of No. cl

R

muta- group formng the positive PCR genesis anajyged group
results | pGVA . 3 600 4 0(2) I

5 250 3(5) I11 pGVD 84

5(5) -

inactivating an endogenous cellular gene existing at
the insertion point of the foreign gene.

According to the function of the product of the
inactivated gene, such an inactivation can tead to

5 significant physiological or morphological disorders in
the transgenic animal, or could even prevent its
survival,

On the other hand, the inactivation of the gene
could be considered as advantageous if the gene in

0 guestion coded for a virus receptor or other infectious
agent. |

The inventors have studied the possibility of
avoiding the disadvantages described above and
associated, in certain cases, to the possible

5 inactivation of one or several endogenous cell gencs
with an important function during the production of
transgenic animals.

The object of the invention is a process Ffor
replacement or specific insertion of a gene, in

3 particularly by targeting a DNA, called insertion DNA
constituted by the totality of a gene, or by a part of
a gene, susceptible to being rendered functional, where
this functioning can be made more efficient, when it is
recombined with a complementary DNA to then provide a

3 complete recombinant gene in the genome of a eucaryotic
<ell, characterized in that

- the insertion site is in a chosen gene, called
a receiver gene, and containing the complementary DNA,
and in that '

) - eucaryotic cells are transfected with a vector
containing an inscrt which comprises the insertion DNA
and two so-called "' flanking' sequences on either side
of the insertion DNA, respeétively homologoﬁs to two
genomic sequences which are immediately adjacent to the

» desired site of insertion in the receiver gene,



Tabl e |

e ES cell line "CCE" (Ref. 16) was | [ SHEET
conti nuous manner on fibroblast feeding |ayers (Ref. 17).|%¥ ' I
and 11, 1.5 x 10[err] E.S. cells in 1.5 nm" HeBS were el ecfrpporated

Ref .
11) at 200 V, with 40my of linearized plasnsd, and then 09 NOV 499%

-

-~ the insertion DNA being heterologous vis-a-vis
the receiver gene, and

- the flanking sequences, being chosen from those
which make up the above-mentioned complementary®DNa and
which allow, through homologous recombination with
corresponding sequences of the receiver gene, the
reconstitution of a complete recombinant gene in the
genome of the eucaryotic cgell.

According to the invention, the so-called
insertion DNA can contain either a coding sequence or a
regulatory sequence,; - the process then being
characterized in that

| ~ the insertion site is in a chosen gene, called
a receiver gene, and in that

- eucaryotic cells are transfected with a vector
containing an insert which comprises the insertion DNA
and two so-called ''flanking'* sequences on either side
of the insertion DNA, respectively homologous to two
genomlc scquences which are immediately adjacenl to the
desired site of insertion in the receiver gene,

- the inscrtion DNA  being heterologous with
respect to the receiver gene, and _

- the flanking sequences being chosen so as to
permit by homologous recombination depending on the
casec, either the expression of the coding sequence of
the entire insertion DNA under the control of the
regulatory sequences of the receiver gene, or the

expression of a coding sequence of the receiver gene

under thc control of regulatory sequences of the
insertion DNA.

For example, the insertion DNA may contain a
coding'Sequence without the regulation elemeht, notably
without its own promoter. '

The invention also relates to a process for the
production of transgenic aniwmals, characterized in that
E.S. cells are transfected in the conditions described




spread over four culture trays (dianmeter 100 nm. For expe REBEACENE%”&SHEET

shock was carried out under-the sanme conditions but a quar Oof the celTs
were spread over four 24-well plates. The next day, 250 [e r} M?FJ Y}ﬁg&

(418 were added. Each transfection produced about 2400 cl ofpes Hﬁg an
about 1000 clones with pG\ND. The average nunber of clofjes—ef—E&
cells resistant to (418 in each group is indicated in tabl¢ I, as well as

201

t he nunber of groups giving a positive
above and selected for the occurrence of homologous
recombination, that is the correct integration of the
foreign gene, the transfected cells are injected into
embryos at a stage where they are able to integrate the

5 transfected cells (for example, at the blastocyst
stage), and these are then reimplanted in a surrogate
mother and the chimeric individuals obtained at the end
of gestation, and in which is noted the colonization
through E.8 cells of the germ line of the chimeric

0 animal, are mated. If the E.S. cells have colonized the

germinal 1line of the chimeric animal, hetecrozygous
transgenic animals <for the replaced gene Wwill be
obtained by mating (Fl) the progeny.

It is also possible to insert insertion DNa,
carried by the vector of the invention, in the egq
shortly after fertilization (that is 1less than 24
hours). In this way, the insertion takes place while
the egg is still in the unicellular state.

The invention also concerns a plasmid able to
) effect the targeted insertion of a recowbinant gene

called the inscrtion gene in the genome of a eucaryotic
cell, characterized in that it contains an insert which
itself comprises the insertion gene and two so-called
**flanking'' sequences on either side of the insertion
gene, respectively homologous to +the <two genonic
sequences which are immediately adjacent to the desired
site of insertion in the receiver gene.

The insertion DNA can be a gene, or a part of a
gene, heterologous to the transfected species,

- The invention also concerns transgenic animals in
which at least one endogenous gene, which is preferably
present in the genome in at least two copies, has becn
inactivated by the insertion of a gene which is
different from the inactivated gene, the insertion gene
being inserted in a position which allows the

[¥3)
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result with the P.C.R technique. A positive result nmeans RERL@anS}EET

1.6 kb could be observed on an agarose gel coloured with efh
(see Fig. 7). The nunber of groups-giving a positive signa

Southern analysis of the P.CR mixtuge and 5 hybridi
specific probe which does not contain the prinmer sequenc

di um brom de

f t@9 NOV 1996

fation of a

'S 1 ndi cat ed

bet ween brackets (Fig. 8). Detection of honobl ogous reconbifation wth

expression of this gene under the c¢ontrol of regulatory
sequences of the inactivated endogenous gene.
Thus, the process of the invention allows, thanks
to the phenomenon of homologous recombinatfﬁn, the
5 insertion in a targeted manner of foreign genes, in
particular coded sequences without the promoter with
which they are usually associated, in the genome of a
eucaryotic organism at a site which allows their
expression under the control of the endogenous promoter
0 of the gene where: the insertion is made, and
consequently, the inactivation of the targeted
endogenous gene.
In a preferred embodiment of the invention, the
targeted receiver gene is a gene which is present in

electroporation technique (ref. 11) ensures the
introduction of only one copy of the foreign gene.
In this embodiment of the invention, the targeted
insertion of the gene of interest (i.e. the so-called
) inscrtion gene) has the effect of inactivating the
single copy of the endogencus cellular gene where the
insertion takes place and leaves intact and operational
the other copy (coplies) of this gene,
In this way, the genetic functioning of the
" transgenic animal is not or is little disturbed by the
introduction of the foreign gene, even if the inscrtion
inactivates a single copy of a receiving gene essential
for the development of the animal. Either Iits
development iz not affected by the insertion of the
foreign gene, or the possible minor disturbances in the
cagse of inactivation of a critical gcne will probably
not be lethal for the animal. The effects of the
insertion of the foreign gene in the homozygous state
could be of any kind and would be observed in the
second generation (F2) after crossing heterozygous
individuals (F1) among themselves.

5 the genome in at least two copies. Utilization of the

3
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P.CR was carried out on 10[err] cells of a group of 25 -ofes—of
transfection Il (sec lane D of Figure 7). In the other |anes, four pS
of transfection Il were anal ysed together by m xing about ¥ @%M@ | sj.
The prinmers 07 and 08 used in the P.C.R surround the seqgbehce 3_HQOXC8
(Hox-3.1) of the nutagenesis plasnmid (Fig.8 2). The fragnent of 1.6 Kb
covering this 3' sequence cannot be anplified except in the-case-~of— """
honol ogous reconbination. Lanes 2, 3 and Dillustrate '

If, on the other hand, the inactivation of all
the copies of a gene is desired, for example in the
case the gene codes for a receptor of an infectious
agent, multiple copies of the foreign 'g‘éne are

5 introduced., Control of the quantity introduced can be
ensured by using known techniques.

" The targeted insertion of the foreign gene thus
allows its introduction in a site where its expression
is under the control of regulatory sequences of the

) endogenous gene where the insertion takes place.

The process of ‘the invention alsc allows
insertion of the foreign gene behind an e:ndogenous'
promoter which has the desired functions (for example,
specificity of expression in a particular tissue) and
this, in the relevant case, without inactivating the
other copies of the receiver gene.

In a preferred embodiment, the insertion DNA, or
the vector, contains sequences inserted between the
insertion DNA and the flanking sequences. These
sequences can for example contain a sequence coding for
a sclective agent allowing the selection of
transformants and eventually a marker gene, for example
LaczZz.

In a highly preferred embodiment of the
'inventiion, the insertion DNA carries, betwecn the
flanking sequences, on the one hand a DNA sequence
intended to be recombined with the complementary DNA in
the receiver gene to provide a recombinant gene and, on
the other hand, a seguence coding for a selective agent
pernitting the selection of transformants and a
promoter authorizing the expression of the selective
agent, the vreceiver gene and the recombinant gene
coding for expression products not conferring a
selectable phénotype. 'According to this embodiment; the
insert of the plasmid of the invention cowprises,
between the flanking sequences, on the one hand a DNA



these positive results. The DNA of E.S. clones was prepared REPLAGEWnSHEET
of replica on filter by utilizing the nethod "boiling- prote¢ipase K

di gestion boiling" (Ref. 18). 40 anplification cycles (49 sgougy 1@}6‘

94[err]C, 1 mnute at 60[err]C, 7 mnutes at 72C) were carrijed out 1n
reaction m xture of 100 [err]l, containi n9967 mM Tris-Hcl (gH"B8—6—
mM  (NHerr])[err]SOerr], 6.7 mM MCL[err], 10 nv § 2-

mer capt oet hanol, 0.01% (p/v) gelatine, 200 [err] M dATP,

sequence intended to be recombined with the
complementary DNA in the receiver gene and, on the
other hand, a sequence coding for a selective agent
allowing the selection of transformants and a E)romoter

5 authorizing the expression of the selective agent, the
DNA sequence intended to be recombined with the
complementary DNA being other than a gene coding for a
selective agent.

In this way, the selection of transformants is

0 entirely independent from the nature of the receiver
gene and the inserted gene, contrary to the processes
described until now, in which the inscrted gene or the
receiver gene necessarily had to code for a product of -
expression allowing the selection of transformants. The

» systen developed by the inventors gives total
flexibility regarding the nature of the receiver gene
and the inserted gene, or the gene formed by homologous
recombination. The inventors have noted that,
surprisingly, the insertion of sequences of a
significant size (for example about 7.5 kb) does not
affect the frequency of homologous recombination.

The possible effect of the insertion of the DNA
sequence according to this aspect of the invention
includes, depending on the type of scquence inserted
for example the replacement of a coding sequence, the
replacement of a regulatory sequence, the inactivation
or reactivation of a gene by mutation or improvement of
the expression level of a gene. It is possible,
according to the invention; to replace a coding frame
or part of a coding frame by a heterclogous sequence
which begins at the initiation codon of the replaced
gene so that the expression of the inserted gene
entirely replaces the expression of the replaced 'gene.
This avoids the formation of fusion proteins which
could be undesirable in a transgenic animal.




. 27 dTTP and dCTP, 100[err]M dGTP, 100 [err]M 7-deaza dGT, |RBPLAGEMENT-SHEET
prinmer (07: AACTTCCCTCTCTGCTATTC and 08: CAGCAGAAACATACKAGCTG and 3

pol ymerase Taq (Perkin El nmer Cetus), covered by 100 [err]]| garggfﬂ@v 1¢-¢%If
of the 5 reaction mxture was applied on]%P agar ose gel 1%

In this embodiment of the invention, the
insertion DNA can carry between the flanking sequences
a heterologous coding sequence without promoter, the
coding sequence being other than a gene codiﬁg for a

5 selection agent. The insertion DNA can also carry,
downstream of the coding sequence and still between the
flanking sequences, a gene coding for a selection
agent, associated with a promoter allowing its
expression in the target cell.

» I In this way, the heterologous coding sequence can
be inscrted after an endogenous promoter which has the
desired properties, for example a certain specificity
of expression, or transcription pattern etc., the -
selectability of the transformed cells being entirely

i independent from the expression of the heterologous
coding sedquence. This type of construction makes it
possible, for example, to select the transformants even
if the gene replaced by the heterologous coding
sequence is not normally expresscd in the target cells.
This is particularly important in the production of
transgenic animals from E.S. cells (  Embryonic Stem
Cells'') since a significant proportion of g¢genes
remains inactive until a more advanced stage of the
development of the animal. The HOXC8 gene (also known
under the name of Hox-3.1) is an example of this type
of gene. Moreover, if the coding sequence codes for an
easily detectable protein, for example B8-~Gal, the
development of the transcription template of the
replaced endogenous gene can be followed. The PpGN
vector is an example of this type of construction.

In another embodiment of the invention, the
insertion DNA can carry a foreign regulatory sequence.
The site of insertion and, conseqguently, the flanking
scquences are chosen in relation with the desired aim,
that is either the insertion of the foreign regulatory




coloured with ethidiumbromde. The main marker is an Eco REPLAGEWISHEET
di gest of |anbda DNA. Sout hern anal yses Three i ndependent] cfones of E. S
cells containing 0O the nutated HOXC8 (Hox-3.1) (identifipdib
‘isolated from positive groups using pipettff. Thei r DNA wps| exam ned by
Sout hern anal ysis after digestion with the"tTestriction eng

Figure 8, so as to confirm the specific targeting and} to nake the

o~

sequence to give an effect of ““double promoter'! with

the endogenous regulatory sequence, or the replacement

of an endogenous promoter by the foreign promoter. The

coding sequence which comes under the control of the
5 regulatory sequence can be endogenous.

Another possibility can be the targeted insertion
of a foreign DNA which carries both a regulatory
sequence and a coding sequence. It is possible that the
regulatory sequence can be that which is naturally

0 associated with the coding sequence, '

The process of the invention activates a vector
containing two " flanking'' sequences on either side of
the foreign gene. These flanking sequences have at -~
least 150 base pairs and are preferably inferior to the

3’ length of the receiver gene, It is essential that these
two fl&nking scquences be homologous to the two genomic
seguences which are immediately adjacent to the desired
insertion site. The flanking sequence of the vector
which is located upstream of the foreign gene to be
introduced is normally homologous to the denomic
sequence which is located at the S' end of the
_inserticn site. In the same way, the flanking sequence
of the vector located downstream of the foreign gene is
normally homologous to the genomic sequence which is
located at the 3' end of the site of insertion.

It is possible to introduce “‘intercalated!!
sequences between either one of the flanking sequences
and the foreign gene, for example sequences permitting
the selection of transfdrmants, markers, sequences
permitting cloning of the vector etc.

The position of these intercalated sequences with
respect to the foreign gene must however be chosen so
as not to hinder the expression of the foreign gene, in
particular the coding sequence of the foreign DNA underx
the control of the endogeﬁous promoter or, inversely,
the coding sequence of the endogenous DNA under the



di stinction between reconbined and wild-type loci. Two di
were used in the analysis of the 3 end of |oci HOXC8 (Ha
nmut ated clones and in the non-nutated E.S. used as contrg
‘The first probe "a" was contained in the HOXC8 (Hox- 3.1)
mut agenesi s plasm d and showed the nunber of vector inted

physical links. One of the three recohbined clones
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equences of the

al so contai ned a

copy of the plasmd integrated at random

control of foreign elements of regulation carried by

the insertion sequence.

Despite the presence of flanking sequences, which
encourages homologous recombination, it is Bossible

5 that a certain number of integrations take place at
| random. In order to verify that the targeted insertion
has actually taken place in the targeted site and not

in another place, the technigque of °"'Polymerase Chain
Reaction'' (P.C.R.) (see Ref. 10) is used to amplify

10 the DNA sequence of the locus where the insertion takes
place, or should take place. In this way, only the

clones transformed following a homologous recombination

are selected. _
The flanking sequences of the

vector are

5 evidently chosen in relation to the desired site of
insertion so that homologous recombination can take
place. Thus the flanking sequences can carry duplicated
segquences of the endogenous promoter  and/or
modifications to the sequences which precede the

0 initiation c¢odon to raise the translation level
(upstream sequences} and duplicated seguence of the
termination sequences particularly of the sites of

polyadenylation (downstream sequences).

The insertion gene can be any gene of interest.
One will cite as non-limiting examples the gene LacZ
(as in the model described helow}, the genes coding for
interleukin or interferon, receptor'genes for example
of retinoic acid or beta-3 adrenergic or H.I.V., and

genes known to be linked with certain diseases

example myopathy etc.

, for

_ The eucaryotic cells transformed by the process
of the invention are also included in the present

application.

In a preferred embodiment of the invention, the
eucaryotic cells are embryonic cell lines (sec Ref. 14

and 15).
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(Fig: 8a, clone F2). The second "b" probe which was not
vector made the distinction between the reconbi ned and
HOXC8 (Hox-3.1) (Fig. 8b). The reconbined | ocus HOXC8 (

‘'wWith the two probes, the inmage of hybridi2ﬁgion expect edj ffro
restriction maps of the nutagenesis vector and of the in t.locus

addition, the existence of two fields of reconbination ijp the 3" fragnent
of the vector was confirned by the

(5]
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In fact, a mutated E.S. cell can be injected into
an early embryo which, after reimplantation, can be
born under a chimeric form. If the germ ‘}ine is
colonized by the mutated cell, the chimeric animal will
transmit the mutation to its progeny. After this, it
will be possible to observe the effects of this
nutation, in the homozygous state in some individuals,
on their development, their behaviour, their
metabolism, their pathology etc.

Figure 1 shows the pGN plasmid, which is part of
the invention. ' ' '

Figures 2a and 2b show the molecules pGMA and
PGMD respedtively constructed from the pGN plasmid in

relation to the gene HOXC8 (Hox-3.1). These plasmids.

are mutagenesis plasmids. The two parts of the coding
sequence of the gene HOXC8 (Hox-3.1) are represcnted,
on chromosome 15, with the “"homeo!' box in black. The
corresponding sequences of HOXC8 (Hox-3.1) have been
cloned in the pGN plasnid. _

(A: signal of polyadenylation; Enh/Pro: enhancer~
promoter). |

07 and 08 show the two oligonucleotides used in
the PCR.

Figures 3 to 6 show the plasmids used in the
construction of the pGN. _

Figure 7 illustrates the detection of homologous
recombination by the Polymerase Chain Reaction (P.C.R.)
technique on the transfected E.S. cells.

Figures 8a and 8b show Southern analyses of
positive individual clones (L5 and F2) and E.S. cells
(C.C.E.).

The process of the invention has a very wide
industrial applicability and can vary according to the
nature of the foreign gene introduced, for example for
the production of transgenic animals.
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presence or the absence of the AT sequence in the reconb ACENH?W&S@EET
(Hox-3.1), (for exanple Fig. 8, clone L5). The 5 end of{the | ocus HOXC8

(Hoc-3.1) was al so anal yzed for a honol ogous reconbi nati pn] e\®GANQV 1996
" REPLACEMENT SHEET 28 14

The genetics of mammals will progress
considerably in view of the recent possibility of
specifically mutating any gene, thus making it possible
to define its role more accurately. Through this

5 technology which involves homologous recombhinatisn snd
E.5., ceils, valuable information will be obtained on
oncogenes, growth factors, transcription factors etc.,
genes which concern very actual subjects both in
fundamental research and in applied research. An

0 important outcome for medical research is the
possibility of reproducing a human disease whose
genetic determination is known (certain pathological
human diseases, such as the myopathy of puchesne) so as
to study its mechanisms better and search for a

5 therapy. _ '

By applying the process of the invention, a gene
known to be responsible for a certain disease is
inserted in a targeted manner into the genome of an
E.S. cell. The transgenic animal which results from
this process presents a useful model of the disease.

If necessary, and as described above, normal
genetic functions can be significantly maintained,
despite the insertion of the foreign gene.

Another application of the process of the
invention 1is the genetic marking of animals. This
application consists in inserting an insertion gene
which is easily detectable e.g. the LacZ gene which can
then play the role of a cell marker. In this way,
filiation studies e.g. in competition animals are
facilitated, and the breed can be followed up. _

Insertion of the LacZ genc as insertion gene also
makes promoter studies possible. In view of the
possibility of identifying the activity of 3-
galactosidase, the activity and specificity of
different endogenous promoters can be studied by

&\
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Restriction enzynes not presenti hg sites in the sequence I-RERIB\QEMENESHEEH
of 6.8 kb of the nutagenesis vector were utilized in the Higestion of the
DNAs of reconbi ned—etormesTThese DNAs were then 5 subnmitted tqgy 1]996

i"gh

- electrophoresis in a pulsed field to differentiate the fragphents qu
nol ecul ar weight. A Southern analysis of this gel also indi
correctly reconbined alleles and the wild-type HOXC8 (Hocty3.1) alleles,
using a sensor presenting a sequence 15

targeting different sites in the same type or different

types of cells. The same studies could be carried out

on an entire organism, Quring development or, at the

adult stage, by using the techniques of chimeric or
5 transgenic animals.

The inventors have observed in a surprising
manner that the frequency of homologous recombination
is not affected by the insertion of fragments of
gsignificant size, for example IlacZ. This observation

0 has suggested to the inventors that the technigque of
homologous recombination could be well adapted to the
insertion of other heterologous genes which are of
significant size.

The invention is also aimed at the application of

5 the procéss of replacement or specific insertion for
genic therapy. '

In view of the poésibility of modifying the
genome of an animal, the process of the invention can
thus also be used as ‘*gene therapy'!. The most obvious
utilizations would congist in inactivating the genes of
receptors of toxic or infectious agents (viruses or
bacteria). If this mutagenesis proved to be lethal, it
would be necessary to re-establish the lost function
without re-establishing the sensitivity to the harmful
agents. A modified gene coding for such a receptor
could be reintroduced into the mutated cell, as long as
the modification <can be provoked by homologous
recombination. This modification of the genetic
character would confer on the animal an Iimmunity
against the disease under consideration.

This protocol can also intervene in the framework
of auto-grafting. Cells, sick or healthy, taken from a
patient, <could be  treated and immunized, then
‘reimplanted back into the same individual. _

The technigque of the invention is also suitable
for studies of the activity of pharmaceutical products




upstream fromthe nutagenesis plasnid. Southern analysesRERhAGﬂMWNTt n
‘allele of the gene HOXO8 (Hoc-3.1) was reconbi ned as preadi S}EEF

‘honol ogous reconbi nati on was equi valent to a double "crdgs in§§gné " bet |
the genomic arns of the 5 nutagenesis plasmd and tHej} h 8&@%6

chronmosomal sequences (Fig. 2). In the rec I nant cl ongs,
was placed under the control of pronoter and regul atory

presumed to have an activity with regard to products of
expression of a pathological gene linked to a disease.
In this case, the insertion gene is constituted by the
pathological gene or a fragment of it, ;nd one
5 administers to the transgenic animal the pharmaceutical
product to be tested with a view to evaluating its
action on the disease,
The invention will be illustrated by referring to
the peN plasmid and its utilization in the targeted
0 insertion of a foreign gene (LacZ, coding for the
enzyme BS~galactosidase of E. Coli) in the genome of a
mouse E.S. cell. The gene LacZz was chosen because of
the fact that its expression c¢an easily be detected and -
is used simply to demonstrate the feasibiity of the
3 technique.

The coding frame of the enzyme B-galactosidase of
E. Coli (LacZ; 1-3057), fused with a genomic sequence
(7292-3) of the murine gene HOXC8 (Hox.3-1) (Ref., 1)
begins with the initiation codon of this gene. In fact,

) the sequence which precedes the initiation codon of
HOXC8 ({Hox.~3.l) is identical to the consensus sequence
observed in vertebrates (Ref.2), thus alloﬁing a better
translation rate of B-galactosidase into the cells of
vertebrates. The genc LacZ is followed by a signal of
polyadenylation for example of the virus SV 40, like
most of the eucaryotic genés, s0 as to stabilize the
messenger RNAs.

The activity of B8-galactosidase of E. Coli, which
is functional in the eucaryotic cells, can be detected
in different manners, Cells expressing the LacZ gene
take on a blue colouring, after fixation, in the
presence of X-Gal, which is a substrate of 8-
galactosidase (Ref. 3). A new substrate, FDG
{(fluorescein di-f-galactopyranoside), makes it possible
to detect and to dose the B-gal activity, while still



sequénces of HOXC8 (Hox-3.1) upstreamfromthe AUG codon

signals of maturation of NMRNA cane fromthe SV 40. In thgsgq reconbi ned
cl ones, the expression of LacZ was not detectable by col durfi n@ WOV 1996

‘[err]-Gal, which 1is coherent with the absence of it
HOXC8 (Hoc-3.1) in E. S. cells 5 detergg ned by anal yqi
protection. The activity of [err]-Ga could be induced in

s e n P e
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rlanscri ption - gf
s of RNase
ertain cells

after 3 or 4 days of culture in the presence of 5.10[err]M

keeping the cells alive (Ref, 4). The cells expressing
LacZ accumulate a fluorescent - product and can be
isolated with the aid of a cell sorter or FACS
{(fluorescence—-activated cell sorter). *

5 The transcription unit of the gene' with
resistance to neomycin comes, to a large extent, from
the plasmid pRSV neo (Ref. 5), The LTR (long terminal
repeat) of the wvirus of Rous-sarcoma provides very
powerful activating and promoting sequences in numerous

.0 eucaryotic «cells (Ref. 6). From the Dbacterial
transposon Tn5 comes a promoter active in E. Coli and
the coding phase of the enzyme phosphotransferase (Ref.
7), which is followed by the polyadenylation signal of

the virus SV 40. The same gene, under the double

5 control of promoters RSV and Tn5 can confer resistance
to neomycin or kanamycin to bacteria and resistance to
G418 to eucaryotic cells.

Through the effect of a simple single mutation,
unit B of the activating (enhancer) sequences of the

) strain PYEC F9.1 of the Polyoma virus has become much
more active in different types of cells, and in
particular in the cells of embryonic carcinoma (EC)
(Ref.8). Two copies of this enhancer Py F9.1 have been
inserted in tandem in the PGN plasmid, upstream of the
LTR-RSV, and in the "““late promoter!' orientation of
the regqulatory region of the Polyoma.

. In order to improve the translation rate of
phosphotransferase, the sequence preceding the
initiation codon was modified during a mutagenesis by
oligonucleotide. Thus the sequence T T C 6 C A U €

became G C A ¢ ¢ A U_G, corresponding much better to

the consensus sequence of the initiation of translation
in vertiebrates (Ref.2).

The improvements made to the transcription unit
of the gene of resistance to neomycin could be
estimated by transfecting embryonic cell strains (ES)



retinoic acid, conditions known for inducing the t r‘g?.
S

HOXC8 (Hoc-3.1) (Ref. 19). By wusing the nutagenesis

PEACEMEN SHEET

Which presents a total honology of 8.3 Ko DNA with the | dcys HOXCS |
(Hoc-3.1), a fragnent of 120 pb was repl ac by an inserqi¢n g ﬁﬂgw’% [h
frequency of this targeted replacenent (1/900) is conparablle to that

obtained recently (1/1000) with HPRT (Ref. 13) or with Ep-2

A1%4

of mice. With equal molarity in plasmid, a construction

with the enhancer Py F9.1 produced 7.5 times more
clones resistant to G418 than PRSV neo and 2 to 3 times
more than the pMCl neo described by Capecchi' et al.
(Ref. 13), Again, the number of clones was raised by
60x, that is 450x compared with PRSV neo, by modifying
the secquence of initiation of translation. Homologous
recombination may be a fairly rare event, according to
the experimental conditions applied (e.g. 1/1000 for
HPRT, Ref. 15). A vector presenting a high selection
efficiency is thus very useful, especially since the
conditions of electroporation result mainly in the
integration of a single copy. -

Moreover, the pGN plasmid contains an origin of

“ bacterial replication of the type colEl, pBR322, which

allows cloning and preparations in E. Coli.

Finally, a multiple cloning site (M.C.S.),
synthesized in vitro, which only contains unique
restriction sites in pGN, was inserted upstream of
LacZz, so as to facilitate the utilizations of this
plasmid. .

The plasmid "' flanking'* sequences which provoke
homologous recombination are added to the extremities
of the pGN plasmid after linearization of the plasmid
upstream from LacZ, by an MCS site (see Fig. 2). In
this case, the flanking sequences chosen are homologous
to the chromosome scquences taken from HOXC8 (Hox-3.1)

which intervene later in the homologous recombination.

_ Figure 2 provides the location of the molecule
built from the pGN plasmid with respect to the gene
HOXC8 (Hox-3.1}. In this case, recombination between
the plasmid and chromosomal seguences of HOXC8 (Hox~
3.1) would result in an insertion at the beginning of

the coding phase of this gene, thus in its total
inactivation. '



29 (1/260) (Ref. 20), the heterol ogous fragnent inserted HREPGAGEMENTeSHEET

In these |atter cases of a nmuch less significant size (1.
respectively). In a surprising nmanner, it was noted that

“honol ogous reconbi nation frequency (1/ 40) 1c90ul d be obtai ng¢d Wﬁfﬁ“{lﬁ\@%@
vector. The elimnation of 3 ,

The pGN plasmid comprises several adVantéges for
this methodology, which is applicable to any gene. As
the event of homologous recombination can be fairly

~rare (of the order of 1 per 1000 non-hor'nologous
3 integqrations), it is necéssary to be able to analyze a
large number of clohes whosc resistance to G418 is
sufficiently strong to be expressed in any part of the
genome, The modifications made to the transcription
unit of phophotransferase answer these problems
~ perfectly. The method of mutagenesis by homologous
recombination is equivalent to inactivating a gene by
an insertion or a substitution, but the peN plasmid
presents the supplementary advantage of being able to -
substitute the expression of 8-galactosidase to that of
the mutated gene. Finally, the MCS facilitates the
cloning of genetic fragments.
EXAMPLES:
I - construction of the_pGN plasmid

The intermediate plasmids are numbered according
to their stage. '

1st stage:
__nse.rt;_g___i; a Xho I__s;te in the Bgl I 51t.e of
PRSV neg '

_ Insertion of a Xho I linker in the Bgl I site of
PRSVY neo, filled by the XKlenow fragment of the DNA
polymerase of E. Coli.
2nd_ stage:
the p __plasm1d : :

Insertion of a Cla I linker in the Nde I site of
pl, filled by Klenow polymerase.
3rd stage:

Ingsertion of PLFQ 1 enhancex_:__in the Ccla I_site
of the p2 plasmid



signals of maturation of nRNA and the ‘addition of the sef
degradation of nRNA to the gene of resistance to neonyci
reduci ng the total nunber of clones resistant to 418 by
‘specific targeting result was al nost ten tiges higher
mechani sm  of honol ogous reconbi nati on was probably a
“experinments with pGvD. A possi bl e explanation for these
that an AT sequence of 51 pb could provide, in

{REPLACENEEHTSHEETF

UgEmcTe of

o0/ 40) The

e |

fected in the

sl

F

Coul LD \) bUUIU

Insertion of enhancer Py F9.1 Pvu II-Pvu IX

isolated by a unique Acc I site, in the

p2. Selection of a clone containing

oriented in the direction '‘late promoter
5 4th stage: |

Cla I site of

two enhancers

v
1 4
-

Deletion Sma I-Hpa I of the p3 plasmid

The two enzymes, presenting
extremities can be bonded directly.

“*blunt end’!
This deletion

removes the intron of the t antigen of SV 40, which is
0 not wvery useful, and reduces appreciably the size of
the transcription unit of phosphotransferase.

_Bam HT site of -

Bam HI site of

Bth stage' .
Insertion of a Xho I _site_in_the
pCH110Q
3 Insertion of a Xho I linker in the
plasmid pCH 110 (Pharmacia), £filled by the Klenow
polymerase,
6th stage:

Insertion of 3' IlacZ-polyA SV_40 in the__p4

v plasmid

The 3' end of the c¢oding phase of B&B-

galactosidase, followed by the

signal of

polyadenylation of the virus SV 40 is isolated from the
pS plasmid through sites Xho I-Aat II and ¢loned in the

p4 plasmid through the same sites.
Zth stage:

Insertion of 5' LacZ in the RS-vector

The 5' end of the coding phase of S8-galactosidase
is isolated from plasmid pMC 1871 (Phaxmacia) through
the sites Pst I-Sac I and cloned in the vector KS~

(Stratagene) through the same sites.
8th stage:

Fusion of a_g_nomlc__gqgence HOXCS8
B' Lac2

(Hox~3.1) with



vivo, an open loop in the nutagenesis plasmd becausREBLACEMEm/\ASHEHS
If the HOXC8 (Hoc-3.1) sequences close tjolthe pGVD can
influenced by this opening, on each side of the AT rdggi ongqhgy']g%ul r
in a nmore efficient manner, in the singl e-§frand statfe,} with the

‘l ocus HOXC8 (Hoc-3.1). The node

yeast suggests that it could be initiated by such an lexchange of strangc
even t hough the nechani sm of honol ogous reconbi nation

t enperat ure.

chr onosonal

of m t ot

i on

eact

A genomic sequence of the gene HOXCS (Hox-3.1},
cloned in the vector KS-, is purified by successive

- digesting with the enzyme Sac I, then with the Mung

bean nuclease and finally with the enzyme Apa "I. This
insert is fused with the 5' end of the coding .phase of
B-galactosidase by cloning in the p7 plasmid digested
by Apa I-Sma I. The protein thus fused contains the
initiation codon of the translation of the gene HOXCS
(Hox-3.1) followed by the coding phase of 53~
galactosidase (then verified by sequencing).

_ Met Ber Ser Ile Pxro Gly Asp Pro
CCAGC ATG AGC TCC | ATT CCC GGG GAT CCC
GGTCG TAC TCG AGG TAA GGG CCC CTA GGG

' U sac 1
CCAGC ATG AGC T U ema 2
GETCG TAC |

U Mung bean nuclease |

CCAGC ATG | GGG GAT CCC
GGTCG TAC 2= : - €CC CTC GG6

Met Gly Asp Pro
CCAGC ATG@ GGG GAT CCC
.GGTCG TAC CCC CTA GGG

9th stage:
Insertion of HOXC8_{(Hox-3.1)~5' LacZ in_the pé
plasmid -
The fusion HOXC8 (Hox-3.1)-%5' Lac2 is isolated
from the p8 plasmid through the sites Apa I-SacX and
cloned in the pé6 plasmia through the same sites. The
effect of this cloning is to reconstitute the coding
phasc of B-galactosidase in its totality.
10th stage: |
Insertion of th __gene__Neo = in the vector KS+



5 remai ns unknown in the nore conpl ex eUcaryot es. Figure 8 shows the

results of Southern analysis carried out on positive indi

and F2) and E. S,

mut agenesis vector (b). The inmage of hybridization

(Hoc- 3.1) sequences included in the vectopa(a) or excluded from the
| ocus HOXC8 (Hoc-3.1) (open triangles) is clearly distingufshed fromthe

cells (C.C.E.). The probes used only hylQr CMW

f |t @9 @Y ARIgE

s |

The gene of resistance to neomycin
promoter and coding phase of phosphotransferase) is
isolated in the PRSV neo through the sites Hind III-Eco
RI and cloned in the vector KS+ (Stratagene)., °
11ith stage:

' Mutagenesis of the initiation sequence of Neo%_in
B1lO _

The sequence of the initiation of translation of
phosphotransferase is modified to be identical to the
consensus sequence observed iﬁ vertebrates and thus to
allow a higher level of initiation of translation and
therefore an increased resistance to G418 for the cells
of mammals. The modification also creates a Apa LI site
which makes it possible to control the efficiency of
the nutagenesis. '

Apa Ll
GTTTCGCATG = GTGCACCATG

An oligonucleotide (CTTGI'TCAATCATGGTGCACGATCCTCA)

. comprising a region of mispairing with the sequence of

PRSV neo (underlined) is synthesized (Gene Assembler,
Pharmacia) then phosphorylated by the polynucleotide
kinase of the T4 = bacteriophage. A single strand
template of the pl0 plasmid is prepared with the f1
origin of the KS+ plasmid and hybridized with the
mutégenesis oligonucleotide. The second strand is
synthesized and repaired by the Klenow polymerase and
the DNA 1ligase of the T4 bacteriophage. After
transformation of bacteria, the mutated clones are
scrcened with the aid of the oligonucleotide marked
with 32p, The mutagenesis was verified by digesting
with Apa LT and also by sequencing.

12th stage:



wi | d-type locus (black triangles). The stars indicate t
bands of a copy of the plasm d which 30 was i ntegrat
_Size marker

at random Th
| 9gFNOY 1998

is a digest Eco Rl + Hind Il of Dna | anbda.} R
restriction maps of _ 23
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Replacement of the initiation sequence in the p9
plasmid _
A fragment containing the modified sequence of
initiation of translation of the gene of resisfance to
5 neomycin is isolated from the pll plasmid through the
enzymes Hind III-Eag I and cloned in the p9 plasmid
through the same sites.
13th stage: |
Insertion of the multiple cloning site in the pl12
9 plasmid |
Two complementary . oligonucleotides are
synthesized {Gene Aésembler, Pharmacia) then
phosphorylated. After pairing, the MCS is cloned in the
sites Apa I-Sac II of the pi2 plasmid through its
i sticky ends. :

Xmal Asp 718 Xmnl
Apalsmal Konl _ Xbal _ _Nsil ___ Sacll
5! CCCCUGGGETACCTCTAGAATGCATTCCGE 3¢
31 CCGGGGEGCCCCCATEGAGATCTTACGTAAGG 5°

The multiple cloning site was also verified by
sequencing, .

II ~ Addition _of " flanking sequences at . the
extremities of the linearized pgN plasmid upstream from
LacZ' by an M.C.S. site

The flanking sequences used were chosen in
relation to the desired site of insertion (for example,
HOXC8 (Hox-3.1), see Fig. 2a and 2b pGMA and pPGMD).

In the construction of the mutagenesis plasmid
pPeGMD, two fragments of DNA homologous to the locus
HOXC8 (Hox-3.l) were cloned at the sites Apa I-Nsi I
and Nsi I-Sac II of the pGN vector. The 5t fragment

- begins at the site Sac II (CCGCGG) at nucleotide 219 of
the DNAc ¢21 of HOXC8 (Hox-3.1). This Fragment extends
over 6.8 kb in 5' up to the first BamHI site. The 3!



reconbined (rec.) and wld-type (wt) HOXC8 (Hoc-3.1) SREHLMFMENF@{EET

parts of the nutagenesis vector and of the | ocus HOXC8 (Ho
indicated by the sane synbols as those used in Figure
t he sequence AT was integrated by honol OgO%I? reconbi natio
arrow indicates the 3 and of the nutagenesis plasni
| ocal i zation of probes "a" and "b" wused in the Sout

I\)

=}

c-3.1) are
| rogNGV 1998e.
The vertical
d—Tte

ern analysis is

al so indicated. The -abbreviations used in Figure 8 are the

fragment begins at the site apa 1

(6GGCCC)  at

nucleotide 885 of the ¢DNA c¢21. This fragment extends
over 1.5 kb in 3' up to the first Pstl site. A NsiI

linker was inserted in the BamHl site

of “the 5!

5 fragment and in the Pstl site of the 3' fragment. The
5' and 3' fragments were cloned in the pGN vector in
the sites Nsi I-Sac II and Apa I-Nsi I, respectively.
The sequence of the aDNA of HOXC8 (Hox-3.1) c21 has

been published (Ref, 1)}.

0 The mwutagenesis plasmid is linearized by

digesting with Nsi I before electroporat
cells. Its extremities are formed by the

ion of E.S,
two genomic

fragments cloned at the sites Apa I-Nsi I and Nsi I-Sac -

I1I of the pGN vector.

5 The pGMD plasmid does not present any signal of
' polyadenylation after the gene of resistance but, on
the other hand, presents a sequence rich 1in AU
responsible for selective degradation of mRNA, inserted
in the sequence of the intron of HOXC8 (Hox-3.l) of the

)  plasmid.

Another mutagenesis plasmid, pGMA, presents the

same structure as pGMD but contains the
polyadenylation and of termination of tran

signals of
scription of

8V40 and does not present the AU sequence of
degradation of mRNA downstream from the gene NeoR., The
aim of these modifications was to reduce the level of

trasncripts of NeoR in clones resulting

from random

integration. On the other hand, clones resulting from

homologous recombination events between

pGMD and a

~locus HOXC8 (Hox-3.1) should have an unaltered growth

during the selection at G418, the AT

seguence of

degradation of mRNA being eliminated by the process of

recombination itself, or spliced with the
(HOX"3 - 1) .

intron HOXCS




following: B, BamH: D, Dra |; E Eco R, H, Hind 111: JREBRACEMENT SHEET

IV - Production of chinmeric enbryos A micro-injection sJ;ade I n

bl astocysts with two reconbinant E. S. clones contai ning | Nipy NOV 1996
HOXC8 (Hoc-3.1) and a reconbined allele, ti2ése clones did t contai n any
ot her copy of the nmutagenesis plasm d. The kariotypes of } hese—cetis wer
normal .- Ten to fifteen nutated cells were mcro-injected. '

In the experimental stages which follow, the
protocol described by Thompson et al, 1989, was
followed for the production of chimeriec animals.

ITI - Transfection of embryonic mouse cells v _
5 The method described by Thompson et al, 1989, was

used to transfect embryonic mouse cells. Utilization of

the technique of electroporation ensures the

introduction of & single copy of the foreign gene

(LacZ) per cell. After transfection, several clones
0 expressing B-galactosidase were isolated.

The mnutagenesis plasmids peMD and PCMA were
linearized and introduced by electroporation into E.S.
cells in order to favor the insertion of only one copy
in the genome (Ref. 11).

5 The initial transfections were carried out to
conmpare the targeting efficiency of the HOXCS (Hox~3.1)
of the plasmids pGMA and pGMD (see table I).

rm—— - ma— — - — —— — — —

Homologous recombination in the gene HOXCS
) {Hox-3.1) '

0 R e e D G W ot Yy Y D D e s B U W v e e P et St i U, o o P ey, e e gy WS D S s ) S ekt i ) WP M S s e Gy W VY S e

Exp. Plasmiad No. of No. cloncs No.of
of muta- group forming the positive PCR
genesis analysed group results
. | PGMA 3 600 - 0(2)
II pGMD 5 250 3(5)
III PGMD . 84 2-3 5(5)
Table I

The E.S. cell 1line °“"C.C.E.'t (Ref. 16) was
maintained in a continuous manner on fibroblast feeding
layers (Ref. 17). For experiments I and II, 1.5 x 107
E.S8. cells in 1.5 ml HeBS were electropcrated (Ref. 11)
at 200 VvV, with 40mg of linearized plasmid, and then
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taken at 9.5, 10.5 and 12.5 days p.c. and analyzed for
expression. The transcription tenplate of HOXC8 (Hoc-3.1)
had been determ ned beforehand by hybridizaki on anal ysis i
1). The HOXC8 ‘(Hoc-3.1) transcripts are detectable for it
the stage of late gastrulation and are spread throughout gl

| = & 3 oy

t theSSV 1&@&
(

e first tinme
the tissues of

e e |

the posterior part of the aninmal.

spread over four culture trays (diameter 100 wmm). For
experiment III, the shock was carried out under the
sane conditions but a quarter of the cells were spréad
over four 24-well plates. The next day, 250 sg ‘ml~l of
G418 were added. Each transfection produced about 2400
clones with pGMA and about 1000 clones with pGND.

The average number of oclones .of E.S. cells
resistant to G418 in each group is indicated in table
I, as well as the number of groups giving a positive
result with the P.C.R. technique. A positive result
mecans that a band of 1.6 kb could be observed on an
agarose gel coloured with ethidium bromide (see Fig.
7). The number of groups giving a positive signal after _
a Southern analysis of the P.C.R. mixture and
hybridization of a specific probe which does not
contain the primer scguences is indicated between
brackets (Fig. 8).

Detection of homoiogous recombination with P.C.R.

P.C.R. was carried out on 105 cells of a group of
250 clones of transfection II (sec lane D of Figure 7).
In the other lanes, four groups of transfection III
' were analysed together by mixing about 4 x 5000 cells.
The primers 07 and 08 used in the P,C.R. surround the
sequence 3'HOXC8 (Hox-3.1) of the mutagenesis plasmid
(Fig. 2). The fragment of 1.6 Kb  covering this 3!
sequence cannot be amplified except in the case of
homologous recombination. Lanes 2, 3 and D illustrate
these positive results.

The DNA of E.S. clones was prepared at the wmoment
of replica on filter by utilizing the method "“boiling-
proteinase K digestion boiling'' - (Ref. 18). 40
amplification cycles (40 seconds at 924°C, 1 minute at
60°C, 7 minutes at 72°C) were carried out in a reaction
mixture of 100 pl, containing 67 mM Tris-Hcl (pH 8.6},
16.7 mM  {NH,),S0,, 6.7 mM MgCL,, 10 mM 2=~
mercaptoethanol, 0.01% (p/v) gelatine, 200 uM dATP,



Later, the distribution becones progressively limted in s

to the tissue.

| ocalized in the cervical region of the neural tube, at th

heart. During enbryogenesis, the repartitizn of the transcli pti@9 NOV 1996
HOXC8 (Hoc-3.1) t hus under goes

-— -

At the stage of 12.5 days p.c. the transcri ' c%ﬁEEr
evel of the

1%

dTTP and ACTP, 100pM 4GTP, 100 uM 7-deaza dGT, 600 ng
of each primer (07: AACTICCCTCTCTGCTATTC and 08:
CAGCAGAARACATACAAGCTG) and 3U polymerasce Taqg (Perkin
Elmer Cetus), covered by 100 pl paraffin. Half of the
reaction mixture was applied on an agarose gel 0.7%
coloured with ethidium bromide. The main marker is an
Eco RI + Hind III digest of lambda DNA.

Southern analyses

Three independent clones of E.S. cells containing
the mutated HOXC8 (Hox-3.1) (identified by P.C.R.) were
isolated from positive dgroups using pipettes. Their DNA
was examined by Southern analysis after digestion with
the restriction enzymes indicated in Figure 8, so as to
confirm the specific targeting and to make the
distinction between recombined and wild-type loci. Two
different probes were used in the analysis of the 3!
end of loci HOXC8 (Hox-3.1) in the mutated clones and
in the non-mutated E.S5. used as controls (Fiqure Bc).
The first probe ""a'' was contained in the HOXC8 (Hox-
3,1) sequences of the mutagenesis plasmid and showed
the number of vector integrations and their physical
links, One of the three recombined c¢lones also
contained a copy of the plasmid integrated at random
(Fig. 8a, clone F2). The second ‘‘b'! probe which was
not in the mutagencsis vector made the distinction
between the recombined and wild-type alleles HOXC8
(Hox-3.1) (Pig. 8b). The recombined locus HOXC8 (Hox~
3.1) prescnted, with the two probes, the image of
hybridization expected from the restriction nmaps of the
mutagenesis vector and of the intact locus. 1In
addition, the existence of two fields of recombination
in the 3' fragment of the vector was confirmed by the
presence or the absonce of the AT sequence in the
recombined locus HOXC8 (Hox-3.1), (for example Fig. 8,
clone 15). The 5' end of the locus HOXC8 (Hoc-3.,1) was
also analyzed for a homologous recombination event.
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transition, the transcription taking place both in the two [rdar regions ang
in the cervical neural tube. 5 In chinmeric enbryos gf [9. § ANGVIO9S

days p.c., the caudal part to the posterior2bud presented ijntlense [err]-Gal}

activity, while the marker was never detected in the anterilor tThoracric

region or the head (Fig. 9a). In

Restriction enzymes not presenting sites in the

sequence HOXC8 (Hoc-3.1) 5' of 6.8 kb of the
mutagenesis vector were utilized in the digestion of
the DNAs of recombined clones. Thesc DNAs were then
submitted to electrophoresis in a pulsed field to
differentiate the fragments of high molecular weight. a
Southern analysis of this gel also indicated the
correctly recombined alleles and the wild-type HOXCS
(Hoc-3.1) alleles, using a sensor presenting a sequence
upstream from the mutagenesis plasmid. -

Southern analyses have shown that an allele of
the gene HOXC8 (Hoc-3.1) was recombined as predicted.
The homologous recombination was equivalent to a double
“crossing-over" between the genomic armg of the
mutagenesis plasmid and the homologous chromosomal
sequences (Fig. 2).

In the recombinant clones, the gene LacZ was
placed under the control of promoter and regulatory
sequences of HOXC8 (Hox-3.1l) upstream from the AUG
codon, but the 3' signals of maturation of mRNA came
from the SV 40. In these recombined clones, the
expresaion of LacZ was not detectable by colouring with
B-Gal, which is coherent with the absence of
transcription of HOXC8 (Hoe-3.1) in E.S.  cells
determined by analysis of RNase protection. The
activity of 8-Gal could be induced in certain cells
after 3 or 4 days of culture in the presence of 5.10~7M
retinoic acid, conditions known for inducing the
transcription of HOXC8 (Hoc~3.1) (Ref. 19).

By using the mutagenesis vector pGMA, which
presents a total homology of 8.3 Kb DNA with the locus
HOXC8 (Hoc-3.1), a fragment of 120 pb was replaced by
an insertion of 7.2 Kb, The frequency of this targeted
replacement (1/900) is comparable to that obtained’
recently (1/1000) with HPRT (Ref, 13) or with En-2




t he posterior
the ti ssues and al

regi on,

the cells coloured by [err]-Gal were REBEACENHEHHSHEET
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the enbryonic |layers. Between the twojb
the nenbers, coloured cells were distributed in the egtrg
in the superficial ectoderm (Fig. 9b), as i2® the rear regi¢n
and, in’'straight lines or rays, 5 in the neural tube (F

rays showed an irregular and asymetric distribution on th¢ wall

'of t he

neural tube. The transcription of HOXC8 (Hoc-3.1)

(1/260) (Ref. 20), the heterologous fragment inserted
being nonetheless in these latter cases of a much less
significant size (1.1 and 1.5 Kb respectively).
surprising manner,

In a
it was noted that a very high
5 homologous recombination frequency (1/40) c¢ould be
obtained with the pGMD vector. The elimination of 3!
signals of maturation of mRNA and the addition of the
sequence of degradation of mRNA to the gene of
resistance to neomycin had the effect of feducing the
0 total number of clones resistant to G418 by 2.4 (table
I). The specific targeting result was almost ten times
higher (900/40). The  mechanism of homologous
recombination was probably affected in the experiments
with pGMD. A possible explanation for these results
5 could be that an AT sequence of 51 pb could provide, in
gdi; an open loop in the mutagenesis plasmid because
of its lower fusion temperature. If the HOXC8 (Hoc-3.1)
scquences close to the pGMD can be influenced by this
opening, on each side of the AT region, they could
0 vreact in a more efficient manner, in the single-strand
state, with the chromosomal locus HOXCS8  (Hoc-3.1). The
model of mitotic recombination in yeast suggests that
it could be initiated by such an exchange of strands,
even though the mechanism of homologous recombination
5 remains unknown in the more complex eucaryotes.

Figqure 8 shows the results of Southern analysis:
carried out on positive individual clones (L5 and F2)
and E.S. cells (C.C.E.).

The probes used only hybridize with HOXCS (Hoc-

9 3.1) sequences included in the vector (a) or excluded
from the mutagenesis vector (b). The image of
hybridization of the recombined locus HOXCS (Hoc—a.i)
(open triangles) is clearly distinguished from the
wild-type locus (black triangles). The stars indicate

5 the hybridization bands of a copy of the plasmid which



was not detected in the thin layer of cells near the closu ?EPEA@E@ﬁENEuS@EET

tube. Perhaps these cells did not resist the treatnents app
hybridization in situ. It. was observed that the cells of th

e| ne
ectoderm very soon becone part of the diffgrent parts of the né$§§h3’¥¥@teﬂ

and mgrate in a radial direction, followng narrow | ater al

et ouTrTTIg— t e

mvenent.s (Rpf'

5 21). These results are thus in line wth this obpservation.

was integrated at random. The size marker is a digest

Eco RI + Hind III of Dna lambda.
Figure 8(c) shows the restriction

maps of

recombined (rec.) and wild-type (wt) HOxCc8 (Hoc-3.1)

5 alleles., The parts of the mutagenesis vector
locus HOXC8 (Hoc~3.1) are indicated by

and of the
the sanme

symbols as those used in Figure 2. In this case, the
sequence AT was integrated by homologous recombination.
The vertical arrow indicates the 3' and of the
3 mutagenesis plasmid. The localization of probes ““at't
and ''b'* used in the 8Southern analysis is also

indicated, The abbreviations used. in Figure

following: B, Bam HI; D, Dra XI; E, Eco RI, H,

8§, Ssal I; X, Xho I.
» IV - Production of chimeric embrvos

8 are the
Hind ITI; .

A micro-injection was made in blastocysts with
two recombinant E.S. clones containing an intact allele
HOXC8 (Hoc-3.1) and a recombined allele, these clones
did not contain any -other copy of the mnutagenesis

) plasmid. The kariotypes of these cells were normal.
. Ten to fiftcen mutated cells were nicro-injected .

per blastocyst. After reimplantation in

s&rrogate

mothers, the embryos were taken at 9.5, 10.5 and 12.5
days p.c¢. and analyzed for LacZ expression. The

transcription template of HOXC8 (Hoc-3.1)

at these

stages had been determined beforehand by hybridization

analysis in situ (Ref. 1). The HOXCS

{Hoc-3.1)

transcripts are detectable for the first time at the

stage of late gastrulation and are spread

throughout

all the tissues of the posterior part of the animal.
Later, the distribution becomes progressively limited
in space and specific to the tissue. At the stage of
12.5 days p.c. the transcription is localized in the
cervical region of the neural tube, at the level of the
heart. During embryogenesis, the repartition of the

transcription of HOXC8 (Hoc~3.1) thus

undergoes




The expression of LacZ thus illustrated correctly the first part of the
transcription of the honeogene HOXC8 (Hoc-3.1), that is to say in all

ti ssues of O

(Hoc-3.1).
the cervica

days,

nor

t he caudal regions of enbryos of 9.5 and 10.5 days p.c.,
provi ded new i nformati on concerning the node of transcription of HOXC8
On the other hand, the expression of LacZ was not observed

regi ons of the neural tube of35
in the anterior

modifications. The stage 10.5 days p.c. seems to be a
period of transition, the transcription taking place
both in thé two rear regions and in the cervical neural
tube. - M

In chimeric¢ embryos of 9.5 and 10.5 days p.cC.,
the caudal part to the posterior bud presented intense
B-Gal activity, while the marker was never detected in
the anterior thoracie region or the head (Fig. %9a). In

the posterior region, the cells coloured by B-Gal were
observed in all the tissues and all the embryonic
layers. Between the two buds which form the members,
coloured cells were distributed in the restricted
zones, in the superficial ectoderm (Fig. %b), as in the
rear regions (Fig. 9c) énd, in straight lines or rays,
in the neural tube (Fig. 9b). These rays showed an
irreqular and asymmetric distribution on the wall of
the neural tube, The transcription of HOXC8S (Hoc-3.1)
was not detected in the thin layer of cells near the
closure of the neural tube. Perhaps these cells did not
resist the treatments applied during the hybridization
in situ. It was cbserved that the cells of the neural

"ectoderm very soon become part of the different parts

of the nervous system and nigrate in a radial
direction, following narrow lateral movements (Ref.
21). These results are thus in 1line with this
observation.

The expression of LacZ thus illustrated correctly
the first part of the transcription of the homeogene
HOXCS (Hoc-3.1), that is to say in all the tissues of
the caudal regions of embryos of 9.5 and 10.5 days
p.¢., and provided new information concerning the mode
of transcription of HOXC8 (Hoc-3.1).

on the other hand, the expression of LacZ was not
observed in the cervical regions of the neural tube of
chimeric embryos of 12,5 days, nor in the anterior

chinmeric enbryos of 12.5

t he
and

in
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region of embryos of 10,5 days; this was not the result
expected from studies of hybridization in situ. The
ulterior phase of transcription of HOXC8 (Hoc-3.1)
observed from day 10.5 in the very localized zones of
5 the neural tube were not made evident by the activity
of fA-Cal. A possible explanation for this result could
be that, even though the expression of LacZ was under
the control of the promoter HOXC8 (Hoc-3.1), the 3!
sequences of HOXC8 (Hoc-3.1) are abscnt in the reporter
Y gene. It is possible that the 3' sequences of the AUG
initiation codon of HOXC8 (Hoc-3.1) have an influence
on the late expression of HOXCS (Hoc-3.1) in the
anterior domain. An effect of ‘‘gene dosing'' could
_ also explain this result, Auto-activation of several
) homeogenes of Droscophila was demonstrated geneticaily
or suggested by the formation of complexes between the
DNA and the proteins of the homeoboxes.
_ If the late component of transcription of HOXCS
(Hoc-3.1) in the neural tube is maintained by a similar
) mechanism, the inactivation of an allele could have a
dominating effect in the cells of the neural ectodern.
Since one allele only would pi'odtxce the protein HOXCS8
(Hoc-3.1}, the signal of activation would be diluted on
the two promoters. The reduction of auto-inactivation
i+ in the two loci could thus lead to a total interruption
of the transcription initiation. This could explain why
no expression of LacZ was detected in the cervical
region of the neural tube of embryos of 10.5 and 12.5
days. :
1V = Passage of the modification into the germ cell
line: production of transgenic animals
The effects in F1 and in F2 of the modification
brought by targeted insertion weore observed after
reproductlon of the chimeric animals, Passage of the
modification into- the germ cell line was observed.



of [err]-Gal. A possible explanation for this result coul W

t hough the expression of LacZ was under the control of thi“;{:ﬁ*&(ﬁ HOX ET
(Hoc-3.1), the 3" sequences of HOXC8 (Hoc-3.1) are absent]ih the reporter
gene. It is possible that the 3' sequencesypf the AUG inifihti®® N 960f
HOXC8 (Hoc-3.1) have an influence on the |late expression pf}HOXC8 .(Hoc-3.1l)
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result. Auto-activation of several
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CLAIMS

1. Transgenic or chimeric aniwal comprising cells

whose genome comprises:

- a heterologous DNA, called insertion DNA,

and

being constituted by the totality of a gene or by a

» part of a gene;

- the insertion DNA being positioned in the

genome in relationship to an endogenous gene,
the receiver gene, conmprising a complementary DNA,

called

in

such a way that the insertion DNA or the complementary
¢  DNA is rendered functional, or its functioning 1is -
rendered more efficient due to the association of the

insertion DNA and the complementary DNA.

2. Animal according to claim 1, characterized in

that the insertion DNA contains either

a coding

sequence, whose expression takes place under the
control of regulatory sequences of the receiver gene,
or a regqulatory sequence permitting the expression of a

coding sequence of the receiver gene.

3. Animal according to claim 2, characterized in
that - the inscrtion DNA is constituted by a coding-
sequence other than the ocoding sequence of a gene

coding for a selection agent.

4. Animal according to claim 1, characterized in
that the insertion DNA comprises the totality of a

gene.

5. Animal as claimed in any one of the preceding
claims characterized in that the receiver gene is a

gene which normally is not transcribed in the cell.

6. Animal as claimed in any one of the preceding
claims characterized in that the receiver gene 1s'_
inactivated following the insertion of the insertion
DNA, the expression of the inscrtion DNA substi_ﬁutinq

that of the receiver gene.
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7. Animal as claimed in any one of the preceding
claims characterized in that the inscrtion DNA replaces
a part of the receiver gene.

8. Animal ‘as claimed in any one of the preceding

5 claims characterized in that the receiver gene is,
apart from the presence of the insertion DNA, in its
natural genetic¢ environment.

9. Animal as claimed in any one of the preceding
claims characterized in that the genome contains,

) adjacent to the insertion DNA, a so-called
**intercalated!'' sequence comprising for example a
sequence coding for a selection agent with a promoter
authorizing the expression of the agent of selection, -
or a marker.

) 10. Transgenic animal in which a single copy of a
gene which is present in the genome in at least two
copies, has been inactivated by the insertion of a gene
which is different from the inactivated gene, the
insertion gene being inserted in a position which
permits the expression of this gene under the control
of regulatory sequences of the inactivated endogenous
genc. _ |

11. Animal as claimed in any one of the preceding
claims utilized for a genetic marking.

12, Process for screcning pharmaceutical products
presumed to have an acfivity'with regard to expression
products of a pathological gene linked to a disease,
characterized by the administration of the product to a
“transgenic animal according to any one of the claims 1
to 11, the insertion DNA being constituted by - the
pathological gene or a fragment of it.

13. Nucleic acld obtained from the homologous
recombination between an insertion DNA and a receiver
gene, said nucleic acid comprising: .
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- an insertion DNA, heterologous with respect to

the receiver gene, the insertion DNA being constituted
by the totality of a gene or by a part of a gene;

- a receiver gene; : v

- the insertion DNA being positioned in

- relationship to the receiver gene comprising a
complementary DNA in such a way that the insertion DNA .

or the complementary DNA is rendered functional, ox its
functioning is rendered more efficient due to the
assoclation of the insertion DNA and the complementary
DNA.

14. Cell of a transgenic animal as claimed in any
one of claims 1 to 10.

15. Cell line issuing from a transgenic animal as

claimed in any one of claims 1 to 10.
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ABSTRACT OF THE DISCLOSURE

TRANSGENIC OR CHIMERIC ANIMAL AND PROCESS FOR
§§REEN_ING PHARMACEUTICAL PRODUCTS

The invention relates to a transgenic or chimeric

animal carrying cells whose genome comprises:

-~ a heterologous DNA, called insertion DNA, and
being constituted by the totality of a gene or by a
part of a gene; '

- the insertion DNA being positioned in the
genome in relationship to an endogencus gene, called
the recelver gene, comprising a complementary DNA, in
such a way that the insertion DNA or the complementary
DNA is rendered functional, or its functioning is
rendered more efficient due to the association of the
ingertion DNA and the complementary DNA.
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:
| 1acz:
_ coding frame for f-Galactosidase
Sacl. ‘936- ) '
Nde] 2956

Imol  $460- PolyA §V40:

polyadenylation signal of the virus

SV 40

Ori:

origin of bacterial replication

Sal 401~ Py FO.1 Enh.:

activating sequénce of the PyEC
F9.1 line of the Polyome virus

LTR-RSV:

Hind1115532 “Long 'rermmal Repeat" of the Rous

-garcoma virus

gyt 5852_ P+  TA5 promoter:
;::E !I gggg_ bacterial promoter

| 1 .Nec®:

PUR-Kpal 727
Xba 7273

?

BN T revasva

Nei I
SacII 7292 | |
- Figure 1: 1inear plasmid

coding frame for Phosphotransferase
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i nsertion DNA and the conpl ementary DNA,
insertion DNA is constituted by a part of a gene, it is other
of .a gene confering a sel ectabl e phenotype when associ ated w
conpl ementary DNA. 2. Animal according to claim 1, characteri
the insertion DNA contains either a coding sequence, whose

takes place under the- control of regul atory sequences of fthe receiver

gene,
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or a regulatory sequence permtting the expression of a codiiﬂﬂiﬁﬁﬁﬁﬂﬂgréﬁﬂﬂgr
the receiver gene. 3. Animal according to claim?2, characterf zled in that
the insertion DNA is constituted by a codi ng sequence ot her [t han GhNOVoI996g
sequence of a gene coding for a selection agent.
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I nactivated follow ng the insertion of the'inéertion DNA, the e
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the insertion DNA substituting that of the receiver gene.
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natural genetic environment. 9 Animal as claimed in any one of Fﬁﬂﬂfﬁ]ﬂﬂENT‘SHEE
preceding clainms characterized in that the genone contains, adjjagent
t he i nsertion DNA, a so-called << intercal ated >> sequdnde 09 N V1996
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pronoter authorizing the expression of the agent of selection, |jo
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gene which is present in the genone in at |east two copies, has _been

I nactivated by the insertion of a gene which is different fro Pﬁﬂ SHEE[
i nacti vated gene, the insertion gene being inserted in a posi]paﬂ‘glmmayr

37 permts the expression of this gene under the control
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of regul atory sequences of the inactivated endogenous gene. 11. Aninal as
claimed in any:ond of the preceding clainms utilized for a genetic marKkirg.
12. Process for sdreening phar maceuti cal products presuned to have an
activity with regard to expression products of ‘a pathol ogi cal gene |inked
to a disease, characterized by the adm nistration of the product to a
transgeni ¢ animal according to any one of the clains 1
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f ragnmgnt ﬁﬂllﬂ ﬂ c acid obtained fromthe honnlog nat L
betmeen a , ml n"u nd a receiver gene, said nucleicgc fscgunr‘ d

. - an insértfon DMA sheterol ogous with respect to the redgeijve gene,q@Ee

i nsertion DNA bei ng constltuted by the totality of a gene jor 'a
gene; - a recélver gene 3
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; CLAIMS

1. Transgenic or chimeric animal comprising cells
whose genome comprises :

- a.heterologous. DNA, called.insertion DNA, and
being constituted by £he totality of a gene or by'a
'part-of a gene;

- the insertion DNA being positioned in the

~ genome in relationship te an endogenous gene, called

the receiver gene, comprising a complementary DNA, in

such a way that the insertion DNA or the complementary

DNA is -rendered functional, or its functioning is

.rehdered noxe efficignt due to the association of the
insertion DNA and the complementary DNA;

- provided that, when the insertion DNA is
constituted by a part of 3 gene, it is 6ther than a
part of a gene confering 2 selectable phenotype when
associated with the complemenlLary DNA.

2. Animal according to claim 1, characterized in
that the insertion DNA contains either a coding
sequence, whose . expression takes place' under the—
control of regulatory sequehces of the receiver gene,
or a regulatory sequence permitting the expression of 2a
coding sequence of the receiver gene.

3. Animal accorcding to claim 2,.characte:ized in
that the insertion ONA is constituted by a coding
sequence other than the coding sequence of a gehe

coding for a selection agent.



- the iinsertion DNA belng posi ti oned in relationshig

1nsert| enentary DNA is rendered functi

recei Ver :l!ﬂ @ a conplenentary DNA in such a
T Or 1(S

functlo re efficient due to the associatjo gt
|nsert|on DNA and t he conplenentary DNA; - provided that mﬁnguﬁLgms
I nsertion Is constituted by a part of 3 gene, it is

-—

4. Animal according to claim 1, char.;acterized in
that the insertion DNA comprises the totality of a
gene. |

5. Animal as claimed in any one of the preceding
claims characterized in Lhal the receiver gene is a
gene which normally is not Lranscribed in the cell.

6. Animal as claimed in any one of the preceding
claims characterized in that the receiver g¢gene is
inactivated following the insertion of the insertion
DNA, the expression of the insertion DNA substituting
that of the receiver gene.

7. Animal as claimed in any one of the preceding
claims characterized in that the insertion DNA replaces
a part of the receiver gene.

8. Animal as claimed in any one of the preceding
claims characterized in that the receiver gene is,
apart from the presence oL the insertion DNA, in its
natural genetic environment.

9 Animal as claimed in any one of the preceding
claims characterized in that the genome contains,
adjacent to the insertion DNA, a so-called
« intercalated » sequence comprising for example a
sequence coding for a selection agent with a promoter
authorizing the expression of the agent of selection,
or a marker.

10. Transgenic animal in which a single copy of a
gene which is present in Lhe genome in at least two
copies, has been inaclivated by the insertion of a gene
which is differcent 'from_ the inactivated gene, the

insertion gene beinyg inserted in a position which



partlof a gene conferlng ?4se£§f}abie phenot ype when asFOC|ated with the
conpl e BN of a transgenic an ~ :
Zggpongel:iil,iiﬂmlgnwjnltlcn lm 15. Cell line i ssgl ng frolmrrg thdmmﬁ .|T
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permits the expression of this gene undér—the—gontrol
of regqulatory sequences of the inactivated endogenous
gene.

11. Animal as claimed in any one of the preceding
claims utilized for a genetic marking.

12. Process for screening pharmaceutical products
presumed to have an activity with regard to expression
products of a 'pathological gene linked to a disease,
characterized by the administration of the product to a
transgenic animal according to any one of the claims 1
to 11, the insertion DNA being constituted by the
pathological gene or a fragmenl of it.

13. Nucleic acid obtained from the homologous
recombination between an insertion DNA and a receiver
gene, said nucleic acid comprising

- an insertion DNA, hcterologous with respect to
the receiver gene, the insertion DNA being constituted
by the totality of a gene or by a part of a gene;

- a receilver gene;

- the insertion DNA being positioned  in
relationship to the recciver gene comprising a
complementary DNA in such a way that the insertion DNA
or the complemenlLary ONA is rendered functional, or its
functioning is rendered more efficient due to the
association of the insertion DNA and the complementary
DNA;

- provided that, when the insertion DNA is
constituted by a part ol a'qene, it is other.than a

‘part of a gene confering a selectable phenotype when

associated with the complementary DNA.



cl ai e ny one of clains 1 to 10.
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14. Cell of a transgenic animal as Glaime
one of claims 1 to 10.
15. Cell line issuing from a transgenic animal as

claimed in any onc of c¢laims 1 to 10.




